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This  supplement  to  TB  ENG  259  provides  instructions  for 
computing  monthly  heating  and  cooling  fuel  consumptions  as  well 
as  for  forecasting  fuel  use  for  the  following  items: 

• Lighting 

i Electric  equipment  and  appliances 

• Cooking 

• Hot  water 

• Laundry 

• Cold  storage 

• Additional  energy  users 

Though  the  instructions  given  here  are  for  five  specific  building 
types  (single-family,  town  house,  barracks,  administrative/office, 
and  commissary),  the  same  procedures  can  also  be  used  for  other 
building  types  with  some  similarity  in  utilization  activity 
level  to  one  of  the  five  types  presented  here. 

In  addition  to  computation  of  fuel  use  for  the  items 
mentioned  above,  the  effect  of  energy  conservation  measures  can 
be  determined  by  employing  the  provided  instructions. 

The  user  of  this  manual  must  supply  data  pertinent  to  the 
building  being  investigated.  Such  data  includes: 

Monthly  heating  degree  days 

Monthly  cooling  degree  days 

Monthly  average  wind  velocity 

Exterior  wall  composition 

Exterior  wall  areas 

Window  area 


Number  of  doors  and  windows 


Underground  floor  and  wall  composition 
Floor  areas 


Inside  set-point  temperatures 
Mechanical  ventilation  rate 
Occupancy  level 
Boiler/furnace  efficiency 
Air  conditioner  chiller  EER 


Distribution  efficiency 

If  portions  of  this  data  are  unknown  or  unavailable,  the  default 
values  or  the  values  from  the  examples  presented  in  the  text 
may  be  used  as  an  approximation.  However,  the  accuracy  of  the 
results  depends  upon  the  information  supplied  by  the  user. 

The  figures  included  in  this  manual  are  included  at  the  end 
of  the  manual  and  are  numbered  according  to  the  building  type 
in  the  following  manner; 

A-  Single-family  residence 

B-  Town  house 

C-  Barracks 

D-  Administration/office 
E-  Commissary 


For  example,  Figure  1-A  corresponds  to  the  building  envelope 
heat  loss  for  a single- family  residence. 


Although  the  procedures  presented  here  render  energy  use  by 
month,  annual  energy  use  can  be  obtained  by  addition  of  monthly 
values. 

All  definitions  stated  in  the  TB  ENG  259  are  applicable 
in  this  supplement  unless  otherwise  stated. 

Partial  examples  are  provided  throughout  the  text,  and  a 
complete  example  is  provided  in  Appendix  A. 
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1 1 . HEATING 
A . Definitions 


1.  Building  Envelope  Area.  The  total  area  of  all  building 
surfaces  (wal Is,  roofs,  windows,  floors,  and  doors) 
which  are  exposed  to  the  outside  air.  This  includes 
floors  over  crawl  spaces,  but  does  not  include  floors 
over  basements  or  on  s 1 abs-on-grade ; nor  does  it 
include  walls  and  floors  below  ground  level. 

2.  Equivalent  U Value.  The  area  weighted  average  thermal 
conductance  for  the  entire  building  exposed  envelope 
area. 

B . Building  Envelope  Heating  Load 

1.  Using  the  number  of  monthly  heating  degree  days  for  a 

given  'month  determine  Q H i from  Figure  1.  For  values 
beyond  the  range  of  the  figure,  use  the  end  point 
values.  Example:  for  a single-family  residence 

during  a 1 000  heating  degree  day  month,  from  Figure  1 - A , 
QH]  = 3.1  x 1 0^  Btu/degree  day. 

2.  Dete'rmine  the  building  envelope  equivalent  U value  as 
f o 1 1 ows 

(a)  Calculate  the  areas  of  each  surface  type  in  the 
building  envelope  area. 

(b)  Multiply  each  surface  area  by  its  proper  U value 
from  ASHRAE  tables  (Ref.  1). 

(c)  Add  the  products  of  the  structural  envelope  areas 
and  U value  and  divide  by  the  total  envelope 
area  to  obtain  the  building  envelope  equivalent 

U value. 


Exampl e: 
Exterior 

Area 

U Value 

Area  X 

Surface 

(sq  ft) 

(Btu/hr-sq  f t-°F ) 

U Value 

A 

1 200 

0.20 

240 

B 

300 

0.15 

45 

C 

250 

0.25 

63 

X 

1 000 

0.30 

300 

Y 

300 

0.40 

120 

Z 

40 

1 .05 

42 

envelope 

3090 

equivalent  U 

*.lUe  - • 0.262 

810 

Btu/hr-sq 

f t - ° F . 

j 

1 1 

3.  Determine  the  conduction  correlation  factor,  CHq  , from 
Figure  2.  For  values  beyond  the  range  of  the  figure, 
extend  the  curve  linearly.  Example:  for  a single-family 
residence  with  an  envelope  equivalent  U value  of  0.262, 
from  Figure  2-A,  C H q = 0.98. 

4.  Using  the  number  of  heating  degree  days  for  a given 

month,  determine  the  set-point  correlation  factor,  FHq,  from 
Figure  3.  For  values  beyond  the  range  of  the  figure, 
use  the  end  point  values.  Example:  for  a single-family 
residence  during  a 1000  heating  degree  day  month,  from 
Figure  3-A,  FHq  = 0.035. 

5.  The  monthly  building  envelope  heating  load  can  be 
determined  from  the  following  equation. 

QHen  v = (C0N)(QH1)(HDD)(CH1)(Atota1)[l  + FH^T-72)] 

where, 

-4 

2.246xl0_«  for  a single-family  residence 

5.296x10*4  for  a town  house 

0.209x10_4  for  a barrack 

0.850x10_4  for  an  administration  building 

0.425x10  for  a commissary 

Building  envelope  heating  load  from  Figure  1 
Monthly  heating  degree  days 
Conduction  correlation  factor  from  Figure  2 
Building  envelope  area  sq  ft 
Set-point  correlation  factor  from  Figure  3 
Indoor  set-point  temperature,  °F 

Example:  A single-family  residence  has  an  envelope 

area  of  3090  sq  ft,  an  envelope  equivalent  U 
value  of  0.262, and  an  indoor  set- point 
temperature  of  70°  F during  a 1000  heating 
degree  day  month.  From  Figure  1 - A , 

Q H q = 31000  Btu.  From  Figure  A-2, 

C H q = 0.98.  From  Figure  3-A,  FHq  = 0.035. 

Then, 

QHen v = 2.246xl0'4  (31  000)  (1000)  (0.98) 

(3090)  [1+0.035(70-72)] 


C.  Infiltration/Mechanical  Ventilation  Heating  Load 


For  single-family  and  town  house  residences,  determine 
the  infiltration  rate  as  follows: 

(a)  Calculate  the  infiltration  coefficient,  A,  from 
the  following  equation. 

A = 0.25  (Nd)  (S] ) + 7. 7 x 10~3  (Ay)  (Sg ) 
where , 

Np  = Number  of  doors,  not  including  sliding 
glass  doors 

S-j  = 0.67  with  storm  doors 

= 1.0  without  storm  doors 

Aw  = Total  window  area  including  sliding 
glass  doors,  sq  ft 

S2  = 0.67  with  storm  windows 

S2  = 1.0  without  storm  windows 

Example:  A single-family  residence  has  two  doors 

and  250  sq  ft  of  windows,  without  storm 
doors/windows.  Then, 


A = 0.25  (2)  (1.0)  + 7.7  x 10'3  (250)  (1.0) 
= 2.43 

(b)  Obtain  the  average  wind  velocity,  V,  for  the  month 
from  available  weather  data.  If  the  average 
velocity  is  not  known,  use  V= 8.0  mph. 

(c)  Calculate  the  infiltration  rate,  I,  from  the 
fol 1 owi ng  equati on . 

I = [0.25  + (0.037)  (A)  (V)]  V-^~ E- 
where , 

A = Infiltration  coefficient 

V = Average  wind  velocity,  mph 

VOLUME  = Volume  of  building,  cu  ft 
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Example:  A s i ngl e- f ami  1 y residence  with  an  infil- 

tration coefficient  of  2.43  has  a total 
volume  of  14,000  cubic  feet.  For  an 
average  wind  velocity  of  8 mph,  the 
infiltration  rate  is: 

I = [0.25  + ( 0.037)  ( 2.43)  ( 8)]  1 4^— 

= 226  cfm 

For  barracks  and  administration  buildings  that  use  outside 
air,  1=0.  For  barracks  that  use  outside  air,  use 
Vr=0.30  x 10“6  cfm/sq  ft  floor  area.  For  administration 
buildings  that  use  outside  air,  use  Vr=0.66  x 10~6  cfm/sq  ft 
floor  area . 

For  commissaries,  calculate  the  infiltration  rate  from  the 
following  equati on . 

I = (0.35)  (NC) 

where, 

Nq  = Number  of  customers  in  the  commissary  per  day 

Calculate  the  infiltration/ventilation  heating  load  as 
f ol 1 ows . 

(a)  Obtain  the  outside  air  intake  rate,  Vr,  in  cfm,  for 
the  building  being  evaluated.  If  there  is  no  outside 
air  used,  then  Vj.  = 0.  If  V r is  not  known,  use  V r = 

(0 . 1 5 ) ( f 1 oor  area). 

(b)  Using  the  number  of  heating  degree  days  per  month, 
determine  the  net  infiltration  heating  load  per  cfm  of 
infiltration,  QHg,  from  Figure  4.  For  values  beyond 
the  range  of  the  figure,  extend  the  curve  linearly. 

(c)  From  Figure  5,  determine  the  temperature  set-point 
correlation  factor,  FH2,  for  the  corresponding  number 
of  monthly  heating  degree  days.  For  values  beyond 
the  range  of  the  figure,  use  the  end-point  values. 

(d)  Calculate  the  infiltration  heating  load  from  the 
following  equation. 

Qinf  = (I  + V r ) ( QH  2 ) [1  + FH  2 (T  - 72)] 


i 4 


-*'■■■  .v~. 


V.  * 


where  , 


I = Infiltration  rate,  cfm 

Vr  = Mechanical  ventilation  rate,  cfm 

QH?  = Net  infiltration  heating  load  from  Figure  4, 
Btu/cfm 

FH?  = Temperature  set-point  correlation  factor  from 
Figure  5 

T = Indoor  set-point  temperature,  °F 


Example:  A single-family  residence  heated  to  70°F 

during  a 1000  heating  degree  day  month, 
has  an  infiltration  rate  of  226  cfm  and 
no  mechanical  ventilation.  From  Figure 
4-A,  QH2=33,500  Btu/cfm.  From  Figure  5-A, 
FH2=0.0375.  Then, 

Q.  f = (226+0)  (33,500)  [1+0.0375  (70-72)] 
= 7,000,000  Btu/month 


5. 


If  a building  system  operates  for  some  time  with  no 
outside  air  intake  (i.e.,  no  mechanical  ventilation), 
and  the  air  handling  system  operates  with  100  percent 
recycled  air,  then  Q.  ^ is  modified  by  the  following 
expressi on  . 


Q H i n f ~ (qHinf^24  hr 
where. 


X 


"24 


( QH • f . = Infiltration  heating  load  as  calculated 

in  Section  II-C 


X = Number  of  hours  per  day  system  operates 
without  using  outside  air 

D.  Solar  Radiation  Heat  Gain 


1.  Determine  the  solar  radiation  coefficient,  CR,  as  follows. 

(a)  For  the  latitude  of  the  given  location,  determine 
the  CR  value  from  Figure  6,  where 

(b)  CR2  corresponds  to  the  winter  heating  months  of 
November,  December,  January,  and  February;  and 


r 


(c)  CR^  corresponds  to  the  spring/fall  heating  months 
of  March,  April,  May,  September,  and  October. 

For  values  beyond  the  range  of  the  figure,  use 
the  end-point  values. 

2.  Determine  the  incident  radiation,  IR,  From  Table  1-A 
for  the  given  month  and  location.  Use  data  from 
Table  1 for  the  city  which  is  closest  to  the  Army 
facility  being  evaluated. 

3.  Calculate  the  solar  radiation  heat  gain,  QHrac|  from 
thefollowingequation. 

QHrad  ' 3-687  <"da,S>(IR)<flU>(CI!> 
where , 

Njays  = Number  of  days  in  the  month 

IR  = Solar  radiation  coefficient  from  Table  1 

A w = Total  window  area,  $q  ft 

CR  = Value  of  CRg*  or  CR^  (depending  on  month)  from 

Figure  6 

Example:  A Chicago  single-family  residence  has  400 
square  feet  of  window  area.  For  January, 
from  Figure  6-A,  CR=0.305.  From  Table  1 -A, 

I R = 9 6 . 

Then , 

QH  . = 3.687  ( 31  ) ( 96  ) (400  ) (0 . 305  ) 
d = 1 ,340 ,000  Btu/month 

E . Underground  Floors/Walls 

1.  Determine  the  heating  load  due  to  underground  floors  and/or 
walls,  QHfloor,  as  follows. 

(a)  Determine  the  correlation  factor,  CHp,  for  the 
corresponding  number  of  monthly  heating  degree 
days  from  Figure  7.  For  values  beyond  the 
range  of  the  figure,  extend  the  curve  linearly. 
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(b)  Determine  the  underground  floor  U value,  Uf,  from 
Reference  1,  or  use  Uf  = 0.1  for  slab  on  grade,  or 
Uf  = 0.2  for  floors  over  unheated  basements. 


(c)  Determine  the  underground  wall  U value  Uw,  from 
Reference  1,  or  use  Uw  = 0.15. 


(d)  Determine  the  average  monthly  temperature  for  the 

city  closest  to  the  Army  post  from  Table  1-B.  Using 
this  value,  determine  the  monthly  ground  temperature 
from  Figure  19. 


Calculate  the  load  due  to  underground  floors/walls  from 
the  following  equation. 


QHfioor  = (CHp)  [(Af)(uf)+(AW)(UW)]  (T-Tg) 
where , 

CHp  = Correlation  factor  from  Figure  7 

Af  = Total  underground  floor  area,  sq  ft 

Uf  = Floor  U Value  from  Reference  1,  Btu/hr-sq  ft-°F 

Aw  = Total  underground  wall  area,  sq  ft 

Uw  = Wall  U value  from  Reference  1,  Btu/hr-sq  ft-°F 

T = Inside  set-point  temperature,  °F 

Tg  = Ground  temperature  from  Reference  2,  °F 


Example:  A single-family  residence  has  1100  square 

feet  of  floor  area  on  a slab  and  70°F  indoor 
set-point  temperature.  During  a 1000  heating 
degree  day  month,  the  ground  temperature  is 
55°F.  From  Figure  7,  CHp  = 700.  From 
Reference  1,  Uf=0.1.  Then, 


QHfioor  = (700)[(1100)(0.1)+(0)(0)J(70-55) 
= 1,050,000  Btu/month 
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Table  1-B.  AVERAGE  MONTHLY  TEMPERATURE 


Qtt 

Jan. 

Feb. 

Mar. 

Apr. 

May 

Jun. 

Jul. 

Auq . 

Sep 

Oct. 

Nov. 

Dec 

ANNUAL 

kJtany 

22,7* 

23.7* 

33.0* 

46  2* 

57.9* 

67.3’ 

72.  r 

70.0* 

61.6* 

50.8* 

39.1* 

26.5* 

47.6* 

AJbu  quarto* 

35.0 

39.9 

45.8 

55.7 

65.1 

74.9 

78.5 

76.2 

70.0 

58.0 

43.6 

37.0 

56.6 

Atlanta 

44.7 

46.1 

51.4 

60.2 

69.1 

76.6 

78.9 

78.2 

73.1 

62.4 

51.2 

44.1 

61.4 

Bart  1 mo  r a 

34.8 

35.7 

43.1 

54.2 

64.4 

72.5 

76  8 

75.0 

68.1 

57.0 

45.5 

35. fe 

55.2 

Btsi mick 

9.9 

13.5 

26.2 

43.5 

55.9 

64.5 

71.7 

69.3 

58.7 

46.7 

28.9 

17.8 

42.2 

Nm 

29.1 

34.5 

41.7 

50.4 

58.2 

65.8 

75.2 

72.1 

62.7 

51.6 

38.6 

32.2 

51.0 

Baaton 

29.9 

30.3 

37.7 

47.9 

58.8 

67.8 

73.7 

71.7 

65.3 

55.0 

44.9 

33.3 

51.4 

Buffalo 

24.5 

24.1 

31.5 

43.5 

54.8 

64.8 

69.8 

68.4 

61.4 

50.8 

39.1 

27.7 

46.7 

Barilnfton.  Vt 

16.2 

17.4 

26.7 

41.2 

53.8 

64.2 

69.0 

66.7 

58.4 

47.6 

35.3 

21.5 

43.2 

ChaHaaton.  W Va 

36.6 

37.5 

44  4 

55.3 

64.8 

72.0 

74.9 

73.8 

68.2 

57.3 

45.3 

37.1 

55.6 

Chari  otla 

42.7 

44.2 

50.0 

60.3 

69.0 

77.1 

79.2 

78.7 

72.9 

62.5 

50.4 

42.7 

60.8 

Chayanna 

25.4 

27.3 

32.4 

47.6 

52.9 

63.0 

70.0 

67.7 

58.6 

47.5 

34.2 

29.5 

45.9 

Chicago 

26.0 

27.7 

36.3 

49.0 

60.0 

70.5 

75.6 

74.2 

66.1 

55.1 

39.9 

29. 1 

50.8 

Cincinnati 

33.7 

35.1 

42.7 

54.2 

64.2 

73.4 

76.9 

75.7 

69.0 

57.9 

44.6 

35.3 

55.2 

Oavaland 

2 8.4 

78.5 

35.1 

47.0 

58.0 

67.8 

71.9 

70.4 

64.2 

53.4 

41.3 

30.5 

49.7 

Columbia  S C 

46.9 

48.4 

54.4 

63.6 

7 2.2 

79.7 

81 .6 

80.5 

75.3 

64.7 

53.7 

46.4 

64.0 

Coiumbus 

23. 9 

31.1 

38.9 

50.8 

61.5 

70.8 

74  8 

73.2 

65.9 

54.2 

41.2 

31.5 

52.0 

Cancord  N M 

21.2 

22.7 

31.7 

43.8 

55.5 

64.5 

69.6 

67.4 

59.3 

48.7 

37.6 

25.0 

45.6 

Dallas 

45.9 

49.5 

56.1 

65.0 

72.9 

81.3 

84.9 

85.0 

77.9 

67.8 

54.9 

48.1 

65.8 

Dammr 

28.5 

31.5 

36.4 

46.4 

56.7 

66.5 

72.9 

71.5 

63.0 

51.4 

37.7 

31.6 

49.5 

Daa  Momaa 

19.9 

23.4 

33.8 

48.7 

60.6 

71.0 

76.3 

74.1 

65.4 

54.2 

37.1 

25.3 

49.2 

Detroit 

26.9 

27.2 

34.8 

47.6 

59.0 

69.7 

74.4 

72.8 

65.1 

53.8 

40.4 

29.9 

50.1 

CJ  Paao 

42.9 

49.1 

54.9 

63.4 

71.9 

81.0 

81.9 

80.4 

74.5 

64.4 

51.2 

44.1 

63.3 

firaat  Falla 

22.1 

23.8 

30.7 

4 3.6 

53.0 

59.9 

69.4 

66.8 

57.4 

47.5 

34.3 

27.3 

44.7 

Hartford 

26.0 

27.1 

36 .0 

48.5 

59.9 

68.7 

73.4 

71.2 

63.3 

53.0 

41.3 

28.9 

49.8 

Honolulu 

72.5 

72.4 

72.8 

74.2 

75.9 

77.9 

78  8 

79.4 

79.2 

78.2 

75.9 

73.6 

75.9 

Houston 

53.6 

55.8 

61.3 

68.5 

76.0 

81.6 

83,0 

83.2 

79.2 

71.4 

60.8 

55.7 

69  2 

lnd>an«pol<s 

29.1 

31.1 

38.9 

50.8 

51.4 

71.1 

75.2 

73.7 

66.5 

55.4 

40.9 

31.1 

52.1 

Jactson  M ss 

47.9 

50.5 

56.5 

64.9 

73.1 

79.8 

82.3 

82.0 

76.5 

67.0 

55.5 

49.4 

65.5 

Jacksonvllla 

55.9 

57.5 

67.2 

68.7 

75.8 

80.8 

82.6 

82.1 

79.4 

71.0 

61.7 

56.1 

69.5 

Junaau 

25.1 

76.8 

30.4 

38.0 

45.6 

52.3 

55.3 

54.1 

48.9 

4 1.6 

34.3 

28.4 

40.1 

Ransas  C'ty  Mo 

11.7 

35.8 

43.3 

55.7 

65.6 

75.9 

81.5 

79.8 

71.3 

60.2 

44.6 

35.8 

56.8 

Llttla  Rock 

40.6 

44.4 

51.8 

62.4 

70.5 

78.9 

8 1 .9 

81.3 

74.3 

63.1 

49.5 

41.9 

61.7 

Los  Argaloa 

55.8 

57.1 

59.4 

61.8 

64.8 

68.0 

7 3.0 

71.1 

71.9 

67.4 

62.7 

58.2 

64  4 

Louitvilia 

35.0 

35.8 

43.3 

54.8 

64.4 

73.4 

77.6 

76.2 

69.5 

57.9 

44.7 

36.3 

55.7 

Mam  phis 

41.5 

44.1 

51.1 

61.4 

70.3 

78.5 

81.3 

80.5 

7 3.9 

63.1 

50.1 

42.5 

61.5 

Miami 

66.9 

67.9 

70.5 

74.2 

77.6 

80.8 

81.8 

82.3 

81.3 

77.8 

72.4 

68.1 

75.1 

Mihrauhoa 

20.6 

72.4 

31.0 

43.6 

5 3.4 

63.3 

68 .7 

67.8 

60.3 

50.0 

35.8 

24.6 

45.1 

Mmnaapolis 

12.4 

15.7 

27.4 

44.3 

57.3 

66.8 

72.3 

70.0 

60.4 

48.9 

31.2 

18.1 

43.7 

MoBlla 

51.0 

55.2 

60.3 

67.6 

75.6 

81.5 

82.6 

82.1 

77.9 

69.9 

58.9 

54.1 

68.2 

HastiviHa 

39.9 

42.0 

49.1 

59.6 

68.6 

77.4 

80.2 

79.2 

72.8 

63.5 

48.5 

41.4 

60  0 

Haw  OMoans 

54.6 

57.1 

61.4 

67.9 

74  .4 

80.1 

81.6 

81.9 

78.3 

70.4 

60.0 

55.4 

68  6 

York  C'ty 

33.2 

33.4 

40.5 

51.4 

67.4 

71.4 

76.8 

75.1 

68.5 

58.3 

47.0 

35.9 

54  5 

Norfolk 

41.2 

41.6 

48.0 

58.0 

67.5 

75.6 

78.8 

77.5 

72.6 

62.0 

51.4 

42.5 

59.7 

Oklahoma  City 

37.0 

41.3 

48.5 

59.9 

68.4 

78.0 

82.5 

82.8 

73.8 

62.9 

48.4 

40.3 

60.3 

Omaha 

22.3 

26.5 

36.9 

51.7 

63.0 

73.1 

78.5 

76.2 

66.9 

55.7 

38.9 

28.2 

; 51.5 

Phtladolphit 

12.3 

11.2 

41.0 

57.0 

62.6 

71.0 

75.6 

7 3.6 

66.7 

55.7 

44.) 

33.9 

53.5 

PHoanii 

49.7 

53.5 

59.0 

67 .? 

75.0 

83.6 

89.8 

8 7.5 

82.8 

70.7 

58.1 

51.6 

69.0 

Pittsburgh 

78.9 

29.7 

36.8 

49.0 

59.8 

68.4 

72.1 

70.8 

64.2 

53.1 

40.8 

10.7 

50.) 

Portland  Ma 

21.8 

77.8 

31.4 

47.5 

53.0 

62.1 

68.1 

66.8 

58.7 

48.6 

38.1 

25.8 

45.0 

Portland.  Ora 

18.4 

42.0 

46.1 

51.8 

57.4 

62.0 

67 .? 

66.6 

62.2 

54.2 

45.1 

41.3 

52.9 

Providorca 

79.2 

29.7 

37.0 

4 7.7 

57.5 

66.2 

72.1 

70.5 

63.2 

53.2 

4 1.0 

32.0 

50.1 

Rano 

30.4 

35.6 

41.5 

48.0 

53.9 

60.1 

6 V 

65.5 

58.8 

49.2 

18.3 

31.9 

48.4 

Richmond 

38.7 

39.9 

4 7.7 

58.1 

67.0 

5.1 

78.1 

76.0 

70.2 

58.7 

48.5 

39.7 

58.1 

Sacramanto 

45.2 

49.2 

53.4 

58.4 

64.0 

70.5 

75.4 

74.1 

71.6 

63.5 

52.9 

46.4 

60.4 

St  Louis 

31.9 

34.7 

42.6 

54.9 

64.2 

74.1 

78.1 

76.8 

69.5 

58.4 

44.1 

34.8 

55.3 

Salt  laka  C-ty 

27.2 

37.5 

40.4 

49.9 

58.9 

67.4 

76.9 

74.5 

64.4 

51.7 

16.7 

30.1 

50.9 

San  Francisco 

50.7 

53.0 

54.7 

55.7 

57.4 

59.1 

58.8 

59.4 

62.0 

61.4 

57.4 

52.5 

56.8 

Saattia 

18.3 

40.8 

4 1.8 

49.7 

55.5 

59.8 

64.9 

64. 1 

59.9 

52.4 

43.9 

40.8 

51.1 

Sioui  Falls 

15.2 

19.1 

30.1 

45.9 

58.3 

68.1 

74.3 

71.8 

61.8 

50.3 

32.6 

21.1 

45.7 

Spokana 

75.3 

30.0 

38.1 

47.3 

56.2 

61.9 

70.5 

68.0 

60.9 

49.1 

35.7 

30.1 

47.8 

Wash  mjton  0 C 

36.9 

37.8 

44.8 

55.7 

65.8 

74.2 

78.2 

76.5 

69.7 

59.0 

47.7 

38.1 

57.0 

Wichita 

32.0 

36.3 

44.5 

56.7 

66.0 

76.5 

8C.9 

80.8 

71.3 

59.9 

44.4 

35.8 

57.1 

Wilmington 

33.4 

33.8 

41.3 

57.1 

62.7 

71.4 

76.0 

74.3 

67.6 

56.6 

45.4 

35.1 

54  l 
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F.  Internal  Heat  Generation 


1.  For  the  single-family  residence  and  the  town  house, 
determine  the  total  internal  heat  generation,  Q H j , per 
residence  from  Figure  8 for  each  month  based  on  the  corre 
sponding  number  of  degree  days  for  that  month. 

For  values  beyond  the  range  of  the  figure,  use  the 
end-point  values.  Example:  A single- family  resi- 
dence during  a 1000  heating  degree  month  has  an 
internal  heat  generation  load  of  2,780,000  Btu/month. 

2.  For  the  barracks,  determine  the  total  internal  heat 
generation,  QHi,  as  follows. 

(a)  Determine  the  heat  generation  correlation  factor 
QHo,  from  Figure  8-C  for  each  month  based  on 

the  correspondi ng  number  of  degree  days. 

(b)  Determine  the  fractional  occupancy  level,  F0L, 

by  dividing  the  number  of  occupants  by  the  maximum 
capacity  of  the  barracks. 

(c)  Determine  the  occupancy  correction  factor,  0CF, 
from  Table  2 . 

(d)  Calculate  the  internal  heat  generation  from  the 
following  equation. 

QHt  = ( QHq ) ( F0L  ) (AREA  ) [1  + . 1 . 334  (0CF ) ] 
where , 

QH  = Internal  heat  generation  correlation  factor 
from  Figure  8-C 

F0L  = Fractional  occupancy  level 

0CF  = Occupancy  correction  factor  from  Table  2 

AREA  = Floor  area  of  barracks,  sq  ft 

Example:  A 36,000  sq  ft  barracks  during  a 1000 

heating  degree  day  month  has  a fractional 
occupancy  level  of  0.80.  From  Figure  8-C, 
QH  = 430.  From  Table  2,  for  F0L=0.80, 
0CF= 1 .18.  Then, 

QH  j = (430)  (0.80  ) (36,000) [1  +1 .334(  1 .1  8)] 

= 31,900,000  Btu/month 
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Table  2 . OCCUPANCY  CORRECTION  FACTORS 
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3.  For  an  administration  building,  determine  the  total 
internal  heat  generation,  Q H j , as  follows. 

(a)  Determine  the  internal  heat  generation  correlation 
factor,  QH0,  from  Figure  8-D  for  each  month  based 
on  the  corresponding  number  of  heating  degree  days. 

(b)  Determine  the  fractional  occupancy  level,  FOL,  by 
dividing  the  number  of  occupants  by  the  maximum 
capacity  of  the  building. 

(c)  Calculate  the  internal  heat  generation  from  the 
following  equation. 

QHj  = (QH  ) (AREA )( FOL  + 10.3) 


where , 

QHq  = Internal  heat  generation  correlation  factor 
from  Figure  8-D 

FOL  = Fractional  occupancy  level 

AREA  = Floor  area  of  administration  building,  sq  ft 

Example:  A 12,600  sq  ft  administration  building 

during  a 1000  heating  degree  day  month 
has  a fractional  occupancy  level  of  0.80. 
From  Figure  8-D,  QHq=2600.  Then, 

QHj  = (2600) (12,600)  [0.80  + 10. ?1] 

= 364,000,000  Btu/month 

4.  For  a commi  ssary , determi ne  the  total  internal  heat 
generation,  QHj,  as  follows. 

(a)  Determine  the  internal  heat  generation  correlation 
factor,  QHq,  from  Figure  8-E  for  each  month  based 
on  the  corresponding  number  of  heating  degree  days. 

(b)  Determine  the  fractional  occupancy  level,  FOL,  by 
dividing  the  number  of  occupants  in  the  commissary 
by  the  maximum  number  of  customers  and  employees 
(bui 1 di ng  capac i ty ) . 

(c)  Calculate  the  internal  heat  generation  from  the 
following  equation. 

QHj  = (QH0 ) (AREA)  (FOL  + 3.89) 
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where , 

QH  = Internal  heat  generation  correlation  factor  from 
Figure  8-D 

FOL  = Fractional  occupancy  level 

AREA  = Floor  area  of  administration  building,  sq  ft 

Example:  A 25,000  sq  ft  commissary  during  a 1000 

heating  degree  day  month  has  a fractional 
occupancy  level  of  0.80.  From  Figure  8-D, 
QHq  = 4800.  Then, 

QH  j (4800)  ( 25,000)  (0.80  + 3.89) 

= 563,000,000  Btu/month 

G . Interior  Walls  Heating  Load 


1.  For  the  s i ng 1 e- f ami  1 y residence,  the  town  house,  the 
barracks,  and  the  administration  building,  the  heating 
load  due  to  interior  walls,  QH^w  = 0. 

2.  For  the  commissary,  determine  the  heating  load  due  to 

interior  walls,  QH . , as  follows: 

l w 

(a)  Determine  the  interior  wall  equivalent  U value,  EU  , 
for  the  walls  between  the  store  and  the  refrigerated 
storage  room,  that  have  internal  temperatures  less 
than  5 5 ° F as  per  Building  Heating  Load,  Section  II-B.2 
ofthismanual.  For  areas  of  glass  si iders  and 
sliding  glass  doors,  multiply  the  glass  area  by  2.0, 
and  use  a U value  of  0.75.  For  wall  openings, 
multiply  the  opening  area  by  50,  and  use  a U value 

of  0.50. 

(b)  Determine  the  interior  wall  equivalent  U value  for 
the  wall  between  the  store  and  the  frozen  storage 
room,  EUf,  as  per  Building  Heating  Load  Section  II-B.2 
of  this  manual.  For  areas  of  glass  sliders  and 
sliding  glass  doors,  multiply  the  glass  area  by  2.0, 
and  use  U value  of  0.75.  For  wall  openings,  multiply 
the  opening  area  by  50,  and  use  a U value  of  0.50. 

, (c)  Calculate  the  heating  load  due  to  interior  walls  from 

the  following  equation. 

QHiw  = CHF[(EAr)(EUr)(T.-Tr)+(EAf)(EUf)(Ti-Tf)] 

i 

i 
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where , 


CHp  = Correlation  factor  from  Figure  7-E 

EAr  = Equivalent  wall  area  between  the  store  and 
the  refrigerated  storage  room,  sq  ft 

EUr  = Equivalent  U value  of  the  wall  between  the 
store  and9the  refrigerated  storage  room 
Btu/hr-ft  - F . 

T-  = Store  set-point  temperature,  °F 

Tr  = Refrigerated  storage  temperature,  °F 

EAp  = Equivalent  wall  area  between  the  store  and 
the  frozen  storage  room 

EUp  = Eruivalent  U value  of  the  wall  between  the  9 

store  and  the  frozen  storage  room,  Btu/hr-ft^-r 

Tp  = Frozen  storage  temperature. 

Example:  A commissary  has  a 300  sq  ft  interior 

wall  (U=0.25)  with  30  sq  ft  of  open  area 
and  20  sq  ft  of  slider  windows  between  the 
store  and  the  refrigerated  storage  room, 
and  a 200  sq  ft  interior  wall  of  U=0.25 
between  the  store  and  the  frozen  storage 
room.  The  store  is  maintained  at  72°  F,  the 
frozen  storage  at  0 ° F , and  the  refrigerated 
storage  at  38°F  during  a 1000  heating 
degree  day  month.  Then, 

EA  = 300-(30+20)+50(30)+2(20) 

= 1790 

EU  = 250  (0.25)+1500(Q.5)+40(0.75) 
r ' 1790 


= 0.471 

QH  = (675)[(1790)(0.471 ) (72-38)+ 
iw  (200) (0.25) (72-0) 

= 21,800,000  Btu/month 


i 


i 
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H . Heating  Energy  Use 


Determine  the  total  heating  load,  QH.  . , from  the 
following  equation.  0 a ’ 


QHtotal 
where  , 


qH--  * qHi„f  - qHrad  * qHf 1 oor  * 0H<-  ' qH 


en  v 


i w 


QHenv 

Building 

envelope  heating  load 

«Hinf  = 

I nf i 1 1 ra 

tion  heating  load 

^Hrad  = 

Solar  radiation  heat  gain 

QHfloor  = 

Heati ng 
walls 

load  due  to  underground  floors  and 

QH  . 

1 w 

Heating 

load  due  to  interior  walls 

QH  j 

Internal 

heat  generation 

Example:  A single-family  residence  has  an  envelope  heat- 

ing load  of  1 9,600,000  Btu/month,  an  infiltration 
heating  load  of  7,000,000  Btu/month,  a solar 
radiation  heat  gain  of  1,340,000  Btu/month,  an 
underground  floor  and  wall  heating  load  of 
1,050,000  Btu/month,  and  an  internal  heat 
generation  of  2,780,000  Btu/month,  then, 

QH.  t , = ( 1 9, 600, 000)+(7, 000, 000  ) - ( 1 , 340,000  ) 
totai  + (1  ,050,000)-(2,780,000) 

= 23,500,000  Btu/month 

2.  For  single-family  and  town  house  residences,  determine  the 
heating  energy  use,  Q^eat  as  follows. 


(a) 


(b) 


If  the  furnace/boiler  efficiency,  Ef,is  known  for 
a particular  installation,  use  that  value. 

If  it  is  not  known,  use  Ef  = 0.75  for  regularly 
serviced  boilers/furnace,  Ef  = 1.0  for  electric 
furnace,  and  Ef  = 0.65  for  others. 

If  the  distribution  efficiency,  E j j s £ > is  known 
for  a particular  installation,  use  that  value. 

If  it  is  not  known,  use  E^.  t = 0.90. 
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Calculate  the  heating  energy  use  by  the  following 
equation. 

Qheat  = ^ t°ta  1 


where, 

QHtotal  = Total  heating  load,  Btu/month 

Ef  = Furnace/boiler  efficiency,  Ef  = 1.0  if 

served  by  a central  plant 

E d i s t = Distribution  efficiency 

Example:  A gas-heated  residence  has  a heating  load 

of  23,500,000  Btu/month.  The  furnace  and 
distribution  efficiencies  are  not  known. 
Then  , 


23,500,000 


= 40,200,000  Btu/month. 

For  the  barracks,  admi ni stration,  and  commissary  structures 
determine  the  heating  energy  use,  Qheat’  as  follows. 

(a)  Divide  the  monthly  total  heating  load,  QHtotag  , by 
the  boiler  monthly  capacity  (boiler  rating,  Btu/ 

hr  x720)  to  obtain  the  load  ratio,  LR.  For  buildings 
on  a central  plant,  use  LR>0.3  for  the  cold  months 
and  LR<0.30  for  the  mild  months. 

(b)  From  Figure  17,  determine  the  boiler  load  factor, 

BLF,  for  the  calculated  LR.  For  buildings  on  a central 
plant,  use  BLF  = 1.0. 

(c)  Determine  the  load  correction  factor,  LCF,  for  the 
distribution  system  in  the  structure  and  the  corres- 
ponding LR  value  from  Table  3. 

(d)  Determine  the  boiler  efficiency,  BE,  from  known  build- 
ing information.  If  BE  is  not  known,  use  BE  = 0.80. 

For  buildings  on  a central  plant,  use  BE  = 1.0. 
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(e)  Calculate  the  heating  energy  use  from  the  follow- 
ing equation. 

„ QHtotal (LCF> 

yheat  (BET  (BLD 

Example:  An  administration  building  has  a total 

heating  load  of  290,000,000  Btu/month. 
The  heating  system  is  a variable  volume 
system  with  baseboard  radiation  con- 
trolled by  outside  temperature,  with 
a boiler  capacity  of  500,000,000  Btu/ 
month  and  boiler  efficiency  of  80 
percent.  Then,  LR=290xl0°  > 500x10° 
0.58.  From  Figure  17,  BLF  = 0.95. 

From  Table  2,  LCF  = 1.0.  Then, 

n - (290,000,000)(1 .0) 
wheat  JO. 80) (0. 95) 

= 382,000,000  Btu/month 


For  the  barracks,  administration,  and  commissary 
structures,  determine  the  auxiliary  electric  con- 
sumption, E . as  follows. 

a 

(a)  Determine  the  supply  fan  flow  rate,  R,  in  cfm. 

If  R is  unknown,  use  R = 1 cfm/sq  ft  floor  area. 

(b)  From  Table  3,  determine  the  electric  consumption 
rate,  C,  for  the  distribution  system  in  the  build 
ing  and  the  proper  LR  value. 

(c)  Determine  the  -auxi 1 i ary  electric  consumption,  E , 
from  the  following  equation. 

Ea  = (C)(R) 

where , 

C = Electric  consumption  rate  from  Table  3, 
Kw-hr/cfm-month 

R = Supply  fan  flow  rate,  cfm 

Example:  A 25,000  sq  ft  commissary  with  a multi- 
zone system  of  unknown  cfm  capacity  has 
a load  ratio  of  0.70.  Then  R = (1) 
(25000)  = 25,000.  From  Table  3,  C = 

0.7.  Then , 


5. 


(0. 7) (25,000) 
17,500  Kw-hr/month 


For  building  systems  that  are  shut  down  at  night, 
the  heating  energy  usage  is  calculated  from  the 
following  equation. 


QHtotal  ■ [l-(0.0292)(x)]  (QHenv  *qHinf  -QHra(J  +QHn 

* «H1„  - 1HI> 

where , 


X 

QH 

«Hinf 


QH 


rad 


QH 


floor 


QH 


ew 


hours  per  day  that  the  system  is  shut  down 

building  envelope  heating  load,  Btu/month 

Infiltration  heating  load,  Btu/month 

Solar  radiation  heat  gain,  Btu/month 

Heating  load  due  to  underground  floors 
and  walls,  Btu/month 

Internal  heat  generation,  Btu/month. 


6.  For  buildings  systems  that  are  shut  down  at  night, 
the  energy  consumption  due  to  fans  and  pumps  is 
calculated  from  the  following  equation. 

Ea  ■ <Ea>24  hr 

where , 

(E  . = Auxiliary  electric  consumption  as 

calculated  in  Section  II-H.4 

X = Hours  per  day  that  the  system  is  shut 

down 


i 

i 

h 
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III.  COOLING 
A . Definitions 


1 . Building  envelope  area  - As  defined  in  Section  II-A.l. 

2.  Cooling  Degree  Day  - A cooling  unit  based  upon  temperature 
di f ference  and  time,  similar  to  the  heating  degree  day. 

It  is  applied  to  the  envelope,  underground  floor, 
and  internal  load  calculations. 

3.  Discomfort  index  cooling  degree  day  - A cooling  unit  similar 
to  the  heating  degree  day  and  cooling  degree  day  that  includes 
wet  bulb  temperature  as  well  as  dry  bulb  temperature,  given 

in  Table  4.  It  is  used  only  in  the  calculation  of  infiltration 
cooling  load. 

4.  Energy  efficiency  ratio  - The  ratio  of  cooling  output  of 
an  air  conditioning  system  (Btu/hour)  to  the  energy  input 
to  that  system  (watts). 

5 . Equivalent  U value  - As  defined  in  Section  II-A.2. 


B . Building  Envelope  Cooling  Load 


1.  Using  the  number  of  monthly  cooling  degree  days  for  a 
given  month,  determine  QCi  from  Figure  9.  For  values 
beyond  the  range  of  the  figure,  use  the  end-point  values. 

2.  Determine  the  building  envelope  equivalent  U values  as  per 
Building  Envelope  Heating  Load  Section  II-B.2  of  this  manual. 

3.  Determine  the  conduction  correction  factor  CC]  from  Figure 
10  for  the  correspondi ng  number  of  monthly  cooling  degree 
days.  For  values  beyond  the  range  of  the  figure,  extend 
the  curve  linearly. 

4.  Determine  the  temperature  correction  factor  FC] , from  the 
Figure  11  for  the  corres pondi ng  number  of  monthly  cooling 
degree  days.  For  values  beyond  the  range  of  the  figure, 
use  the  end-point  values. 

5.  The  monthly  building  envelope  cooling  load  can  be  deter- 
mined from  the  following  equation. 

QCenv  = (K)(QC-|)(CDD)(CC1)(Atotal)[l-FC1(T-72)] 


■—•A*  *-  tk*  ' - ~ v ' -•  ■*'- 


where , 


K 


QC1 


2.246X10'4  for 
5 . 296x1 0" 4 for 
0.209xl0"4  for 
0 . 850x 1 0" 4 for 
0 . 425x 1 0" 4 for 


a single-family  residence 
a town  house 
a barracks 

an  administration  building 
a commissary 


Building  envelope  cooling  load  from  Figure  9 


CDD  = Monthly  cooling  degree  days 


C C i = Conduction  correlation  factor  from  Figure  10 

* 

Afotal  = Building  envelope  area,  sq  ft 

FC]  = Set-point  temperature  correlation  factor  from 
Figure  11 

T = Indoor  set-point  temperature,  °F. 

Example:  A single-family  residence  maintained  at  74°F  has 

an  envelope  area  of  3090  square  feet  with  an 
equivalent  U value  of  0.262.  The  month  has  400 
cooling  degree  days.  From  Figure  9-A,  Q C q = 
22,500  Btu  per  degree  day.  From  Figure  10-A, 

C C q = 0.98.  From  Figure  7 1 - A , FC  q = 0.085. 

Then , 

QCenv  = 2.24  x 10"4  ( 22,500) ( 400) (0. 98) ( 3090) 

L 1 -0. 085(74-72)] 

= 5,070,000  Btu/month 


C . Infiltration/Mechanical  Ventilation  Cooling  Load 


t 


1.  Calculate  the  infiltration  and  mechanical  ventilation  rate, 

I + V r , by  the  method  described  in  Section  1 1 - C . 

2.  Calculate  the  infiltration  cooling  load  as  follows. 

(a)  Determine  the  monthly  total  number  of  discomfort  index 
cooling  degree  days  from  Table  4 for  the  city  which  is 
closest  to  the  Army  facility  being  evaluated. 

(b)  Using  the  total  number  of  discomfort  index  cooling 
degree  days,  determine  the  net  infiltration  cooling 
load  per  cfm  of  infiltration,  QC2,  from  Figure  12. 


33 


iji*-  | 

— i- 


For  values  beyond  the  range  of  the  figure,  extend  the 
curve  linearly. 

(c)  Determine  the  set-point  correlation  factor,  FCp,  from 
Figure  13  for  the  corresponding  number  of  monthly  dis- 
comfort index  cooling  degree  days.  For  values  beyond 
the  range  of  the  figure,  use  the  end-point  values. 

(d)  Calculate  the  infiltration  cooling  load  from  the 
following  equation: 

QCinf  = (I+Vr)(QC2)[l-FC2(T-72)] 

where , 

I = Infiltration  rate,  cfm 

Vr  = Mechanical  ventilation  rate,  cfm 

QC2  = Net  infiltration  cooling  load  from  Figure  12 

FC2  = Temperature  set-point  correlation  factor  from 
Fi  gu  re  13 

T = Indoor  set-point  temperature,  °F. 

Example:  A St.  Louis  single-family  residence  is  cooled 

to  74°F  during  the  month  of  July.  The  infil- 
tration rate  is  226  cfm.  From  Table  4 for 
St.  Louis  in  July  there  are  434  discomfort 
index  cooling  degree  days.  From  Figure  12-A, 
QC2  = 23,000  Btu/cfm.  From  Figure  1 3 - A , 

FC2  = 0.03.  Then , 

QCinf  = (226)(23,000)[l-0. 03(74-72)] 

= 4,890,000  Btu/month 

3.  If  a building  system  operates  for  some  time  with  no  outside 
air  intake  (i.e.,  no  mechanical  ventilation),  and  the  air 
handling  system  operates  with  100  percent  recycled  air,  then 
Q -j  n f is  modified  as  follows. 

QCinf  = (Qc  inf)  24  hr  ^"24^ 
where , 

(QHinf)24  hr  = Infiltration  cooling  load  as  calculated 
in  Section  III-C. 

X = Hours  per  day  system  operates  without 

using  outside  air. 
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MONTHLY  AND  ANNUAL  DISCOMFORT  INDEX  COOL  I Nb  DEGREE  DAYS 


MONTHLY  AND  ANNUAL  DISCOMFORT  INDEX  COOLING 
DEGREE  DAYS 


D.  Solar  Radiation  Heat  Gain 


1.  Determine  the  solar  radiation  coefficient,  CR,  for  the  lati- 
tude and  month  from  Figure  14.  C R i corresponds  to  cooling 
in  the  months  of  May,  June,  July,  and  August.  CR3  corre- 
sponds to  cooling  in  the  months  of  March,  April,  September, 
and  October.  For  values  beyond  the  range  of  the  figure,  use 
the  end-point  values. 

2.  Determine  the  incident  radiation,  IR,  from  Table  1 for  the 
given  month  and  location.  Use  the  data  from  Table  1 for 
the  city  which  is  closest  to  the  Army  facility  being 

eval uated. 

3.  Calculate  the  solar  radiation  cooling  load,  QCrad,  by  the 
method  described  in  Section  II-D.3. 

Example:  A St.  Louis  single-family  residence  has  250 

square  feet  of  window  area.  For  July,  from  Figure 
14,  CR  = 0.15.  From  Table  1,  IR  - 574.  Then, 

QCrad  = 3.687(31)(574)(250)(0.15) 

= 2,450,000  Btu/month 


E . Underground  Floors  and  Walls  Cooling  Load 


1.  Determine  the  cooling  load  due  to  underground  floors  and 
walls,  QCf]oor,  as  follows. 

(a)  Determine  the  correlation  factor,  CCp,  for  the  corres- 
ponding number  of  monthly  cooling  degree  days  from 
Figure  15.  For  values  beyond  the  range  of  the  figure, 
extend  the  curve  linearly, 

(b)  Determine  the  floor  U value,  Uf  from  Reference  1,  or 
use  Uf  = 0.1. 

(c)  Determine  the  underground  wall  U value,  Uw,  from 
Reference  1,  or  use  Uw  = 0.15. 

(d)  Determine  the  average  monthly  temperature  from  Table  1-B. 
For  locations  not  listed,  choose  the  next  closest 
location.  Use  this  value  to  determine  the  monthly 
ground  temperature,  Tg,  from  Figure  19. 

(e)  Calculate  the  load  due  to  underground  floors  and  walls 
from  the  following  equation. 

QCfloor  = (CCf)[(Af)(Uf)+(Aw)(Uw)](T-Tg) 


37 


where  , 


CC 


A 


w 

U 


w 


T 

T 


g 


F 


Correction  factor  from  Figure  15 

Area  of  underground  floors,  sq  ft 

= Floor  U value  from  Reference  1,  Btu/hr-ft 

= Area  of  underground  walls,  sq  ft 

= Underground  wall  U value  from  Reference  1 
Btu/hr-f t2-°F 

= Inside  set-point  temperature,  °F 
= Ground  temperature  from  Figure  19,  °F. 


Example:  A 1100  square  foot  area  single-family  resi- 
dence built  on  a slab  has  an  indoor  set- 
point  temperature  of  74°F.  During  a 400 
cooling  degree  day  month,  the  ground 
temperature  is  65°F.  From  Figure  1 5 - A , 

CCp  = 725.  From  Table  1,  Uf~0.10  and 

U, , = 0.15.  Then, 
w 

QCfloor  = (725)[(1100)(0.1)+(0)](74-65) 

= 79,800  Btu/month. 

F.  Internal  Heat  Generation 


For  a single-family  residence  or  a town  house,  determine 
the  total  internal  heat  generation,  QC i , from  Figure  16 
for  each  month  based  on  corresponding  number  of  cooling 
degree  days.  For  values  beyond  the  range  of  the  figure, 
use  the  end-point  values.  Example:  A s i ngl e - f ami  1 y 
residence  during  a 400  cooling  degree  day  month  has  an 
internal  heat  generation  load  of  3,500,000  Btu/month. 


For  a barracks,  determine  the  total  internal  heat  generation, 
QC j , as  follows. 

(a)  Determine  the  heat  generation  due  to  occupants,  QC0, 
from  Figure  16-C  for  each  month  based  on  the  corres- 
ponding number  of  cooling  degree  days. 

(b)  Determine  the  fractional  occupancy  level,  FOL,  by 
dividing  the  number  of  occupants  by  the  capacity  of 
the  barracks. 

(c)  Determine  the  occupancy  correction  factor,  OCF,  from 
Table  2 . 

(d)  Calculate  the  total  internal  heat  generation,  QCj. 
from  the  following  equation. 

QC  j = (QC0)(AREA)(FOL)[1 .61  + 1.43  (OCF)] 
where : 

QC  = Internal  heat  generation  correlation  from 

Figure  16 

AREA  = Area  of  barracks,  sq  ft 

FOL  = Fractional  occupancy  level 

OCF  = Occupancy  correction  factor  from  Table  2. 


Example:  A 36,000  sq  ft  barracks  is  50  percent 
occupied  during  a 300  cooling  degree 
day  month.  From  Figure  16-C,  QC0  = 425. 

From  Table  2,  at  FOL  = 0.50,  OCF  = 1.52. 

Then  , 

QC  j = ( 425  ) ( 36 ,000  ) ( 0 . 5 ) [1  .61  +1  .43  ( 1 .52  )] 

= 28,900,000  Btu/inonth 

For  an  administration  building,  determine  the  total  internal 
heat  generation,  QCj,  as  follows. 

(a)  Determine  the  heat  generation  due  to  occupants, 

QCo,  from  Figure  16-C  for  each  month  based  on  the 
corresponding  number  of  cooling  degree  days. 
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(b)  Determine  the  fractional  occupancy  level,  FOL,  by 
dividing  the  number  of  occupants  by  the  capacity  of 
the  building. 

(c)  Calculate  the  total  internal  heat  generation,  QCj 
from  the  following  equation. 

QCj  = (QCq)  (AREA) [ ( FOL ) ( 1 .61  3 ) + 1 3 . 4 ] 

where, 

QC  = Internal  heat  generation  correlation  factor 
0 from  Figure  16 

AREA  = Area  of  admin istration  building,  sq  ft 

FOL  = Fractional  occupancy  level 

Example:  A 12,600  administration  building  is  75 

percent  occupied  during  a 300  cooling  degree 
day  month.  From  Figure  1 6 - D , QC0  = 320. 

Then  , 

0C  j = ( 320  ) ( 1 2 ,600  ) [ ( 0 . 75  ) ( 1 .61  3)+  13.4] 

= 59,1  00,000  Btu/month  . 


4.  For  a commissary,  determine  the  total  internal  heat  genera- 
tion, QC i , as  foil ows  . 

(a)  Determine  the  heat  generation  due  to  occupants,  QCq  , 
from  Figure  1 5- E for  each  month  based  on  the  cor- 
responding number  of  cooling  degree  days. 

(b)  Determine  the  fractional  occupancy  level,  FOL,  by 
dividing  the  number  of  occupants  by  the  capacity  of 
the  commissary  (customers  plus  employees). 

(c)  Calculate  the  total  internal  heat  generation,  QCj, 
from  the  following  equation. 

QCj  = (QCq)  (AREA) [( FOL) (1 .626)  + 5.06] 


where, 

QCq  = Internal  heat  generation  correlation  factor 
from  Figure  16 

AREA  = Area  of  commissary,  sq  ft 
FOL  = Fractional  occupancy  level 

Example:  A 25,000  sq  ft  commissary  has  an  80  percent 

occupancy  level  during  a 300  cooling  degree 
day  month.  From  Figure  16-E,  QC0  = 1.05. 
Then  , 

QCj  = (1 ,05)(25,000)[(0.80)(1.626)+5.06] 

= 167,000,000  Btu/month. 


G . Interior  Walls  Cooling  Load 


1.  For  the  s i ng 1 e -f ami  1 y residence , town  house,  barracks,  and 

administration  building,  the  cooling  load  due  to  interior 

walls,  QCj.,,  is  zero. 

I w 

2.  For  the  commissary  determine  the  coolinq  load  for  interior 
walls  during  the  cooling  season  as  folio ws. 

(a)  Determine  the  interior  wall  equivalent  U value  for 
the  wall  between  the  store  and  the  refrigerated 
storage  room,  Ur,  as  per  Building  Heating  Load 
Section  II-B.2  of  this  manual  for  storage  room 
temperature  of  less  than  50°F.  For  areas  of  glass 
sliders  and  sliding  glass  doors,  multiply  the  glass 
area  by  2.0,  and  use  a U value  of  0.75.  For  wall 
openings,  multiply  the  opening  area  by  50,  and  use 

a U value  of  0.50. 

(b)  Determine  the  interior  wall  equivalent  U value  for 
the  wall  between  the  store  and  the  frozen  storage 
room,  EUf,  as  per  Building  Heating  Load  Section  II-B.2 
of  this  manual.  For  areas  of  glass  sliders  and  sliding 
glass  doors,  multiply  the  glass  area  by  2.0,  and  use 

a U value  of^0.75.  For  wall  openings,  multiply  the 
opening  area  by  50,  and  use  a U value  of  0.50. 

(c)  Calculate  the  cooling  load  due  to  interior  walls  from 
the  following  equation. 

QCi;w  = CCF[(EAr)(EUr)(Ti-Tr)  + (EAf)(EUf)(T.-Tf)] 

r, 

i 

i 

i 4i 


A'  • «fcr 


where , 


= Correction  factor  from  Figure  1 5 - E 

= Equivalent  wall  area  between  the  store  and 
the  refrigerated  storage  room,  sq  ft 

= Equivalent  U value  of  the  wall  between  the 
store  and  the  refrigerated  storage  room, 

Bt u/h r-f t ^ -° F 

= Store  set-point  temperature,  °F 

= Refrigerated  storage  temperature,  °F 

= Equivalent  wall  area  between  the  store  and 
the  frozen  storage  room 

= Equivalent  U value  of  the  wall  between  the 
store,  and  the  frozen  storage  room,  Btu/ 
hr-ft  -°F 

= Frozen  storage  temperature,  °F 

le:  A commissary  has  a 300  sq  ft  interior  wall 

U=0.25  with  30  sq  ft  of  open  area  and  20  sq  ft 
of  slider  windows  between  the  store  and  the 
refrigerated  storage  room,  and  a 200  sq  ft 
interior  wall  (11  = 0.25)  between  the  store  and 
the  frozen  storage  room.  The  store  is  main- 
tained at  72°F,  the  frozen  storage  at  0°F,  and 
the  refrigerated  storage  at  38°F  during  a 300 
cooling  degree  day  month.  Then  CCp  = 600, 

EA  = 300-(30+20)+50(30)+2(20) 
r = 1790 

EU  = 250  (0. 2 + 1 500  (0. 5 )+40  (0. 75  ) 

1790 

= 0.471 


QC.  = (600)[l790)(0.471)(72-38)+(200)(0.25)(72-0)] 
1 w 

= 19,400,000  Btu/month- 
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Determine  the  total  cooling  load,  QC.  , , by  the  fol- 
low ingequat  ion.  oa 

QC..  , = QC  + QC,  , + QC  , - QC  ,,  - QC . +QC  T 

total  env  inf  rad  floor  M iw  y I 


= Building  envelope  cooling  load 

= Infiltration  cooling  load 

= Solar  radiation  cooling  load 

= Cooling  load  due  to  underground  floors 
and  walls 


QC.  = Cooling  load  due  to  interior  walls 

iw 

QCj  = Interior  heat  generation. 

Example:  A residence  has  an  envelope  cooling  load  of 

7.140.000  Btu/month,  an  infiltration  cooling 
load  of  5,200,000  Btu/month,  a solar  radiation 
cooling  load  of  2,450,000  Btu/month,  an  under- 
ground floor  and  wall  cooling  load  of  79,800 
Btu/month,  and  an  internal  cooling  load  of 

3.500.000  Btu/month.  Then, 

QC  f + -t  = (7,140,000)  + (5,200,000)  + (2,450,000)- 
(79,800)+(0)+(3,500,000) 

= 18,200,000  Btu/month 

2.  For  the  single-family  and  town  house, determi ne  the  cooling 
energy  use,  Qcool  > as  follows. 

(a)  Utilize  the  energy  efficiency  rating  (EER)  for 
systems  where  it  it  known.  If  unknown, use  EER=5.0 
for  window  units,  EER=6.0  for  split  systems  (central 
electric),  and  EER=1.7  for  gas  absorption  units. 

(b)  If  the  distribution  efficiency,  E^i s t , is  knpwn  for 

a particular  installation,  use  that  value.  If  it  is 
not  known,  use  Edist=0-90  for  central  system,  and 
Edist=^-0  for  window  units. 


(c) 


Calculate  the  cooling  energy  use  by  the  following 
equation. 


Qcool  ~ QCfota  1 

( 1 000 ) (EER) (Edist) 

where , 

QCOol  = Cooling  energy  use , Kw - h r/mon t h for  electric 

chillers,  and  10^  Btu/month  for  gas  absorption 
chillers 


QCtotal=  Total  cooling  load,  Btu/month 

EER  = Energy  efficiency  rating,  Btu/watt-hr 

E d i st  = Efficiency  of  distribution  system 

Example:  A s i ng 1 e- f ami  1 y residence  is  cooled  by  a 

split  system  and  has  a cooling  load  of 
18,200,000  Btu/month.  Then, 


n 18,200,000 

Wc°o1  T1  000  ) (6.0) ( 0.9) 


(d)  For  residences  on  a district  cooling  system,  the 

equation  to  calculate  the  cooling  energy  use  reduces 
to  the  foil owi ng . 

Q . = QCtotal 

wcool  ■= 

Edist 

where. 


^Ctota 1 = Total  cooling  load,  Btu/month 
Edist  = Distribution  efficiency. 

For  the  barracks,  administration,  and  commissary  buildings 
not  on  district  cooling  systems,  determi ne  the  cooling  energy 
use  as  follows. 


(a)  Divide  the  monthly  total  cooling  load,  QCtotal,  by  the 
monthly  chiller  capacity,  CC,  (chiller  capacity) 
(Btu/hrx720)  to  obtain  the  load  ratio,  LR. 

(b)  Determine  the  chiller  load  factor,  CLF,  from  Figure  18 
for  the  type  of  chiller  utilized  in  the  particular 
installation. 
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(c)  Determine  the  load  correction  factor,  LCF,  from  Table 
5 for  the  proper  system  and  chiller  load  factor. 


< 


ii 


(d)  Determine  the  EER  value  for  the  air  conditioning 
equipment.  If  it  is  not  known,  use  EER  = 12.0  for 
electric  chillers  and  E E R = 2 . 2 for  absorption  chillers. 

(e)  Calculate  the  cooling  energy  use  from  the  following 
equation. 


Q coo  1 


(CC) (LCF) (CLF 
(1000) (EER) 


where  , 


QCOol  = Cooling  energy  use,  Kw-hr/month  (for  electric 
chillers)  or  1 0 3 Btu/month  (for  absorption 
chillers) 

CC  = Chiller  capacity,  Btu/month 

LCF  = Load  correction  factor  from  Table  5 


CLF  = Chiller  load  factor 


EER  = Energy  efficiency  rating,  Btu/watt-hr. 

Example:  An  administration  building  has  a total  cool- 

ing load  of  200,000,000  Btu/month.  The 
cooling  system  is  a variable  volume  system 
with  baseboard  radiation.  The  centrifugal 
chiller  system  has  an  EER  of  10.5  and  a capa- 
city of  350,000,000  Btu/month.  From  Table  5, 
LCF  = 1.1.  Then, 

Qcool  = (350,000,000)(1. 11(0.50) 

(1000) ( 10.5) 

= 18,000  Kw-hr/month. 

(f)  For  buildings  on  a district  cooling  system,  use  the 
following  equation. 

Qcool  " ( QQ tota  1 ) ( *-C ^ ) 
where , 

Qcool  = Cooling  energy  use,  Btu/month 

QCtotal  = Total  cooling  load,  Btu/month 

LCF  = Load  correction  factor  from  Table  5 (usin 

LR  <0.30  for  hot  months  and  LR  > 0.30  for 

ni  1 d non ths . )* 

45 


4.  For  a reheat  fan  system  in  a barracks,  administration  build- 
ing, and  a commi ssary,  determi ne  the  reheat  load,  Q . as 
follows.  rn 


(a)  Determine  the  reheat  factor,  RF,  from  Table  5 for 
the  proper  chiller  load  factor. 

(b)  Calculate  the  reheat  load,  Qr^,  from  the  following 
equation. 

Qrh  ' (0Ctotal)(RF)(LCF) 
where, 

QCtotal  = Total  cooling  load,  Btu/month 
RF  = Reheat  factor  from  Table  5,  Btu/month 

LCF  = Load  Correction  factor  from  Table  5. 

(c)  Determine  the  reheating  energy  requirements,  Qheat>  as 
per  heating  energy  use.  Section  II-H.3. 

5.  For  the  barracks,  administration,  and  commissary  structures, 
the  auxiliary  electric  consumption,  E,,  is  determined  as 
follows. 

(a)  Determine  the  supply  fan  flow  rate,  R,  in  cfm.  If  R 
is  unknown,  use  R = 1 cfm/sq  ft  floor  area. 

(b)  From  Table  5,  determine  the  electric  consumption  rate 
for  fans  and  pumps,  C,  for  the  distribution  system  in 
the  building  and  the  proper  LR  value  for  the  month. 

(c)  Determine  the  auxiliary  electric  consumption,  Ea, 
from  the  following  equation. 

Ea  = ( C ) ( R ) 

Example:  A 25,000  sq  ft  commissary  with  a multizone 

system  of  unknown  cfm  capacity  has  a load 
ratio,  LR,  equal  to  0.70.  Then, 

R = ( 1 )( 25000 ) = 25,000.  From  Table,  5, 

C = 0.86.  Then, 


Ea  = (0. 86) (25,000) 

= 21,500  Kw-hr/month 


where, 

X = Number  of  hours  per  day  system  is  shut  down 

QCenv  = Building  envelope  cooling  load 
Q C i n f = Infiltration  cooling  load  from  Section  III-l.l. 

Q C r a d = Solar  radiation  coolirg  load 
QCfioor  = Cooling  load  due  to  underground  floors 
Q C -j w = Cooling  load  due  to  interior  walls 

Q C i = Interior  heat  generation. 

7.  For  building  systems  that  are  shut  down  at  night,  determine 
the  energy  consumption  due  to  fans  and  pumps  as  follows. 

^ a = ( ^ a ) 24  hr  ( 1 _ 24^ 
where , 

(Ea)oa  u r = Auxiliary  electric  consumption  as  calculated 
in  Section  III-H.4. 

X = Hours  per  day  that  the  system  is  shut  down. 
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IV.  LIGHTING 


I 


Daily  and  monthly  energy  use  calculation  procedures  are 
presented  here.  Annual  or  semi-annual  energy  use  can  be 
determined  simply  by  multiplying  daily  usage  by  the  appropriate 
number  of  days.  Single-family  and  town  house  residences  have 
been  treated  alike  for  these  energy  use  calculations  and  are 
identified  as  family  housing. 


A . Family  Housing 


The  electricity  consumption  due  to  lighting  in  family 
housing  units  is  dependent  upon  the  living  area  of  the  resi- 
dence and  the  number  of  occupants  in  the  building.  Residences 
occupied  by  the  average  family  of  four  will  use  energy  for 
lighting  at  a rate  of  about  1.19  Kw-hr/square  foot/year.  A 
similar  residence  occupied  by  only  one  or  two  people  will  use 
about  two-thirds  as  much  lighting  energy.  Daily  lighting 
energy  use  values  are  given  in  the  following  table  (in  Kw- 


hr/square  foot/day). 

Number  of  Occupants 

L ighting  Energy 

Usage 

One  or  two 

2.17  x 10"3 

Three  or  more 

3.25  x 10"3 

Monthly  energy  use  can  be  calculated 
values  by  the  number  of  days  in  any 

by  multiplying 
month . 

daily 

B.  Barracks 


The  lighting  energy  use  in  a barracks  can  be  calculated  as 
follows. 

(1)  Multiply  the  floor  area  (in  square  feet)  of  all 
occupied  sleeping  or  bunking  areas  by  0.0040  Kw- 
hr/square  foot/day  to  attain  lighting  energy  on  a 
daily  basis. 

.(2)  Multiply  the  floor  area  in  square  feet)  of  all  other 
areas  of  the  barracks  (excli  ng  unoccupied  bunking 
areas)  by  0.0104  Kw-hr/square  foot/day.  Add  this 
value  to  the  result  fron  (1  ). 
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(3)  If  the  bunking  area  in  the  barracks  is  not  known,  use 

0. 007  Kw -hr/square  foot/day  for  the  entire  floor  area 
of  the  barracks . 

(4)  Multiply  the  result  (from  (1)  and  (2),  or  from  (3)) 
by  the  fractional  value  of  occupancy  of  the  building; 

1. e.,  multiply  by  0.60  if  the  barrack  is  only  sixty 
percent  occupied.  Then  multiply  by  the  occupancy 
correction  factor  from  Table  2 for  the  appropriate 
occupancy  level . 


Occuoancy  Indoor 

Kw- hr  Fractional  Correction  _ Lighting 

sq  ft-day  x Occupancy  x Factor  Energy  Use 

(Kw-hr/day) 

In  addition,  outdoor  lighting  energy  use  must  be  accounted 
for  where  it  exists.  The  wattage  rating  of  outdoor  lights  and 
the  average  number  of  hours  of  operation  per  day  can  be  used  to 
determine  hourly  electric  energy  use  by  outdoor  lights. 

Hours  of 

Outdoor  Wattage  Ratina  x Operation 

Lighting  Energy  _ of  Lights  (watts) per  day  ( hours ) 

Usage  (Kw-hr/day)  1000 

Monthly  energy  use  can  be  determined  by  multiplying  total 
daily  energy  use  value  by  the  number  of  days  in  month. 


C . fldmi ni strati on/Off i ce  Building 


The  lighting  energy  use  in  an  adm i n i s t ra t i on/ of f i ce  ouilding  1 

can  be  determined  in  the  following  manner: 

(1)  Accumulate  the  total  wattage  of  all  installed 
lighting  equipment  in  the  building.  If  installed 

lighting  equipment  rating  is  not  known,  assume  2.5  ja 

watts/square  foot,  and  multiply  by  the  total  floor 
area  of  the  building. 

(2)  Determine  the  number  of  hours  that  a building  is 

occupied  per  week.  Account  for  normal  weekday  j 

working  hours  (8  hours/day),  and  include  half- 
days or  full  days  normally  worked  on  weekends. 

Consider  second  and  third  shifts,  if  any.  Where 
three  shifts  exist,  use  24  hours  per  day. 

e 

t | 

i i 

i 

i 
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(3)  The  number  of  normal  working  hours  must  be  increased 
to  account  for  time  during  lunch  breaks,  after-hours 
maintenance,  and  some  level  of  lighting  which  is  on 
continuously.  Where  only  one  shift  exists,  a multi- 
plier of  1.5  is  used;  for  two  shifts,  use  1.2;  for 
three  s h i f ts,  use  1.0. 

(4)  Calculate  the  following  to  obtain  lighting  energy 


Total  Wattage  of 
Lights  in  Watts 


No.  of  Working 
Hours  per  Week 


M'  ltiplier 


7 days 
week 


1000  watts / k i 1 owatt 


Outdoor  lighting  energy  use  can  be  determined  by  the 
procedure  defined  for  the  barracks. 

Monthly  energy  use  can  be  calculated  by  multiplying 
the  daily  value  by  the  number  of  days  in  a month. 


D.  Commissar; 


To  determine  the  lighting  energy  use  in  a commissary: 


(1)  Accumulate  the  total  wattage  of  all  installed 
lighting  equipment  (or  use  2 watts  per  square 
foot  of  floor  space  and  multiply  by  total  floor 
a rea ) . 

(2)  Multiply  the  wattage  by  18  hours  per  day  (average 
amount  of  time  the  lights  are  on)  and  divide  by 
1000  watts/kilowatt  to  obtain  daily  electricity 
cons  umpt i on . 

That  is. 


Lighting  Wattage 


1000  watts/kilowatt 


Daily  Lighting 
Energy 
( Kw-hr/day ) 


2 watts  Floor  Area, 

sg  ft sq  ft 

1000  watts/kilowatt 


O 

day  _ Daily  Lighting 
Energy 
( Kw-hr/day ) 


Outdoor  lighting  energy  use  can  be  determined  by  the 
procedure  defined  for  the  barracks. 

Monthly  energy  use  can  be  calculated  by  multiplying 
the  daily  value  by  the  number  of  days  in  a month. 
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V . COOKING 


Daily  and  monthly  energy  use  calculation  procedures  are  pre- 
sented here.  Annual  or  semi-annual  enerqy  use  can  be  determined 
simply  by  multiplying  daily  usage  by  the  appropriate  number  of  days. 
Single-family  and  town  house  residences  have  been  treated  alike 
for  these  energy  use  calculations  and  are  identified  as  family 
housing. 


A .  Family  Housing 


Where  an  electric  range  and  oven  is  utilized,  the  energy  use 
for  a family  housing  unit  is  3.3  Kw-hr/day.  In  the  case  of  a 
natural  gas  or  propane  range,  the  cooking  energy  is  2.9  x 10^ 
Btu/day.  If  the  gas  range  has  no  pilots  (that  is,  uses  electric 
ignition  or  other  methods),  the  range  and  oven  energy  use  is  re- 
duced to  1.9  x 104  Btu/day  of  gas.  Monthly  consumption  can  te 
calculated  by  multiplying  daily  energy  use  by  the  number  of  days 
in  a month . 


B .  Barracks 


Barracks  without  mess  halls  have  no  cooking  energy  use. 
The  cooking  energy  use  in  a barracks  with  mess  hall  can  be 
determined  in  one  of  two  ways. 

(1)  If  the  number  of  individual  meals  served  per  day  is 
known,  the  daily  cooking  energy  use  for  the  barrack 
can  be  determined  by  multiplying  the  total  number  of 
person-meals  served  per  day  by  2300  Btu/person-meal . 

(2)  Or,  multiply  the  total  number  of  residents  in  the 
barrack  by  5000  Btu/day/occupant . 

Monthly  energy  use  can  be  determined  by  multiplying  the 
daily  usage  by  the  number  of  days  in  a month. 


C .  Administration/Office  Building 

There  is  no  cooking  energy  use  in  administration/office 
buildings. 

D .  Commi s sa  ry  I 

There  is  no  cooking  energy  use  in  commissaries. 
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VI . HOT  WATER  HEATING 


Daily  and  monthly  energy  use  calculation  procedures  are 
presented  here.  Annual  and  semi-annual  energy  use  can  be 
determined  simply  by  multiplying  daily  usage  by  the  appro- 
priate number  of  days.  Si ngle- fami ly  and  town  house  re- 
sidences have  been  treated  alike  for  these  energy  use  calcu- 
lations and  are  identified  as  family  housing. 


A . Family  Housing 


The  hot  water  heating  energy  use  per  housing  unit  for 
the  different  types  of  water  heaters  is  as  follows: 

Electric  16.8  Kw-hr/day 

Gas  w/pilot  75,000  Btu/day 

Gas  w/o  pilot  64,000  Btu/day 

Oil  95,000  Btu/day 

Propane  and  LP  gas  fueled  water  heaters  will  be  considered 
in  the  appropriate  category  with  na tu ra 1- ga s -f ue 1 ed  heaters. 
If  the  water  heater  is  not  a separate  unit,  but  is  part  of 
the  space  heating  furnace,  use  95,000  Btu/day  for  water 
heating.  If  hot  water  is  heated  by  steam  delivered  to  the 
housing  unit  from  a central  steam  generating  facility,  steam 
requirements  will  be  66  pounds  of  steam  per  day.  Monthly 
energy  use  can  be  calculated  by  multiplying  daily  usage  by 
the  number  of  days  in  a month. 


B . Barracks 

For  barracks  which  have  hot  water  generated  within  the 
building  from  gas,  propane, or  LP  gas  water  heaters,  the 
energy  use  for  water  heating  is: 

17,800  Btu/day/occupant  for  barracks  with  mess  halls 
14,400  Btu/day/occupant  for  barracks  without  mess  halls 

Oil-fired  water  heaters  use  about  27  percent  more  fuel  than 
the  gas  units,  or: 

22,500  Btu/day/occupant  for  barracks  with  mess  halls 
18,200  Btu/day/occupant  for  barracks  without  mess  halls 

For  barracks  which  have  central  steam  supplied  to  heat 
water,  the  steam  requirements  are: 


4 16  lb  of  steam/day/occupant  for  barracks  with  mess  halls 


13  lb  of  s team/day /occupant  for  barracks  without  mess 
halls 

Where  hot  water  is  heated  electrically  inside  the 
barrack,  the  energy  use  is: 

4.1  Kw-hr/day/occupant  in  barracks  with  mess  hall 
3.3  Kw-hr/day/occupant  in  barracks  without  mess  hall 

Energy  use  per  day  for  hot  water  heating  in  a barrack  can  be 
determined  by  multiplying  the  appropriate  value  for  the  type 
of  barrack  and  hot  water  heating  system  listed  above  by  the 
total  number  of  residents  in  the  barrack.  Monthly  energy 
use  can  be  calculated  by  multiplying  the  daily  value  by  the 
number  of  days  in  a month. 

C.  Administration/Office  Building 


Hot  water  heating  energy  use  in  administration/office 
building  is: 

1000  Btu/day/empl oyee  for  natural  gas,  LP  gas,  or  pro- 
pane water  heaters 

1270  Btu/day/empl oyee  for  oil-fired  water  heaters 
1.0  lb/day/employee  for  steam  converters 
0.23  Kw- hr /day/emp 1 oyee  for  electric  heaters 

When  determining  monthly  or  annual  estimates  from  these 
figures,  the  total  number  of  calendar  days  in  a month  or 
year  is  used. 

D . Commi ssary 

Hot  water  heating  energy  in  commissaries  can  be  determined 
using  the  following  daily  use  values: 

2500  Btu/day/empl oyee  for  natural  gas,  LP  gas,  or 
propane  water  heaters 

3170  Btu/day/empl oyee  for  oil-fired  water  heaters 

2.2  1 b/day/empl oyee  for  steam  convertors 

0.6  Kw- hr/day/empl oyee  for  electric  water  heaters 

When  determining  monthly  or  annual  estimates  from  these 
figures,  the  total  number  of  calendar  days  in  a month  or 
year  is  used. 


LAUNDRY 


Daily  and  monthly  energy  use  calculation  procedures  are  pre- 
sented here.  Annual  or  semi-annual  energy  use  can  be  determined 
simply  by  multiplying  daily  usage  by  the  appropriate  number  of 
days.  S i ng 1 e- f ami ly  and  town  house  residences  have  been  treated 
alike  for  these  energy  use  calculations  and  are  identified  as 
family  housing. 


Family  Housin< 


The  daily  average  laundry  energy  use  in  family  housing 
units  with  the  following  laundry  facilities  is  as  follows: 

Automatic  Washing  Machine  0.3  Kw-hr/day/f ami ly 

Non-automatic  Washing  Machine  0.2  Kw-hr/day/fami ly 
Electric  Dryer  2.7  Kw-hr/day/fami ly 

Gas  Dryer  with  Pilot  24,700  Btu/day/fami ly 

Gas  Dryer  w/o  Pilot  15,100  B tu/ day/ f ami  1 y 

Monthly  energy  usage  can  be  determined  by  multiplying  these 
values  by  the  number  of  days  in  any  month. 


B.  Barracks  - Laundromats 


Energy  use  in  laundromats  and  in  self-service  laundry  faci- 
lities as  provided  in  barracks  can  be  determined  as  follows: 

Automatic  Washer  0.3  Kw-hr/day/fami ly  , or 

0.1  Kw-hr/day/barracks  resident 

Gas  Dryer  w/Pilot  24,700  Btu/day/fami ly , or 

8,200  Btu/day/barracks  resident 

Some  estimation  must  be  made  for  each  installation  as  to  how 
many  enlisted  men  and  women  living  in  barracks  use  the  laundro- 
mat as  opposed  to  a commercial  laundry.  Also,  some  estimate 
must  be  made  for  the  number  of  families  which  normally  use  on- 
base  laundromats. 


C.  Laundries 


Only  energy  use  in  on-base  laundries  for  which  the 
military  supplies  fuels  is  of  concern  here.  Daily  or 
monthly  energy  use  in  such  facilities  can  be  determined 
using  the  number  of  articles  of  clothing  laundered  per  day 
or  month  and  the  energy  use  multipliers  (in  million  Btu/1000 
articles  of  clothing  laundered)  for  each  month  as  follows: 


Million  Btu/ 

1 000  Art i c 1 es 

January 

13.2 

February 

14.4 

March 

11  .2 

April 

8.6 

May 

9.0 

June 

7.5 

July 

8.0 

August 

8.0 

September 

7.8 

October 

10.3 

November 

12.3 

December 

14.4 

These  values  represent  equivalent  energy  of  all  fuels  consumed. 


VIII.  COLD  STORAGE 


The  energy  use  calculations  in  this  section  are  applicable 
to  cold  storage  units  which  are  of  the  prefabricated  and 
add-on  type  facility,  or  of  the  cold  storage  room  type.  These 
calculations  can  be  utilized  for  refrigerator  or  freezer  units. 

Two  procedures  are  presented  for  estimating  energy  use  by  cold 
storage  facilities.  The  first  is  a simplified  procedure,  to 
be  used  as  a rough  estimater,  and  is  based  on  system  capacity  only. 
The  second  procedure  encompasses  factors  such  as  wall  U values 
infiltration'rates  and  average  weather  data. 


A . Simplified  Method 


i 

i 
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(1)  Determine  the  capacity,  CAP,  of  the  re f r i ge ra t i on 
system  which  cools  the  cold  storage  space,  in 
Btu/hr.  (One  ton  of  refrigeration  capacity  equals 
12,000  Btu/hr.  One  horsepower  capacity  equals 
5100  Btu/hr).  If  capacity  is  unknown,  assume 

4 Btu/hr/cu  ft  of  cold  storage  space. 

(2)  For  each  month  studied,  determine  if  the 
average  monthly  temperature  is:  (a)  greater  than 
80°F,(b)  less  than  80°F  but  greater  than  50°F, 
or (c)  less  than  50°F.  If  the  average  monthly 
temperature  is  greater  than  80°-F,  the  load 
ratio  for  the  month,  L Rm , is  0.8.  If  the 
average  monthly  temperature  is  less  than  50°F, 

LRm  is  0.2.  Otherwise,  LR|n  = 0.5. 

(3)  Determine  the  monthly  energy  use  of  the  system 
as  foil ows : 

Energy^=  (CAP)(LRnt)(DM)(7.03xl0’3) 

Use 


( Kw- 

hr/month) 

where , 

CAP 

= Capacity  of  ref r i ger a t i on  systems, 
in  Btu/hr. 

LRm 

= Load  ratio  for 

the  month 

DM 

= Number  of  days 

in  the  month 
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B . Load  f.  omponen  t Method 


(1)  Calculate  the  total  area  of  walls,  roofs,  and 
floors  exposed  to  outside  air  temperatures  (A  ). 

Do  not  include  floors  which  are  on  the  groundwor 
on  concrete  slab.  Calculate  separately  the  area 
of  ground/concrete  floors  ( A f ) . Also,  determine 
the  area  of  walls  which  is  exposed  to  other 
conditioned  areas  with  set  points  higher  than  4 5 ° F 

( A j ) . 

(2)  Determine  the  (J  value  (thermal  conductance)  of 

each  of  the  above  wall  areas,  A^,  Af,  A \ . If 

these  are  unknown,  assume  0.03  [U  , U£,  UT). 

w t 1 

(3)  Determine  the  number  of  hours  of  heat  gain  through 
walls  exposed  to  outside  air  (Ho).  This  number 
will  be  different  for  each  month  of  the  year.  In 
Reference  3 (TM  5-785,  "Engineering  Weather  Data," 
Departments  of  the  Air  Force,  the  Army,  and  the 
Navy,  15  June  1967),  Section  C,  find  the  location 
listed  which  is  closest  to  the  base  being  evalu- 
ated. This  section  provides  distributions  of 
typical  observed  temperatures  in  five  degree 
ranges  for  each  month.  Table  6 shows  an  example 
from  TM  5-785  of  such  a distribution.  To  deter- 
mine the  number  of  hours  for  any  month  during 
which  the  refrigerator  unit  experiences  heat  gain 
through  walls  exposed  to  outside  air  (H0),  add  up 
the  Total  Observations  column  for  the  temperature 
ranges  which  represent  outside  temperatures  higher 
than  the  set-point  temperature  of  the  cold  storage 
space . 

Example:  For  November,  for  a space  cooled  to  35°F, 

the  sum  of  observations  for  35/39  range  and  higher 
i s , from  Table  6 : 

Hq  = 1 + 6 + 18  + 44  + 87  + 109  + 117  + 126  + 106 
= 614 


EXAMPLE  OF  OBSERVED  TEMPERATURE  DISTRIBUTIONS  FROM  TM  5-785 
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(4)  Determine  the  weighted  average  outside  temperature 
for  each  month  during  the  hours  of  heat  gain 
through  wails  exposed  to  outside  air  ( TQ ) . This 
weighted  average  temperature  is  computed  by 
multiplying  the  average  temperature  for  each 
temperature  range  by  the  total  number  of  observed 
readings  which  exceed  the  set-point  temperature 
of  the  cold  space. 

Example:  For  November  and  a 35°F  set-point  from 

Table  6. 


Temperature 

Range 

°F 

Average 
Temperature 
For  Ranqe 

Total 

Observations 

(2)  x.  (31 

75/79 

77 

1 

77 

70/74 

72 

6 

432 

65/69 

67 

18 

1,206 

60/64 

62 

44 

2,728 

55/59 

57 

87 

4,959 

50/54 

52 

109 

5,668 

45/49 

47 

117 

5,499 

40/44 

42 

126 

5,292 

35/39 

37 

106 

3,922 

614 

29,783 

29  76  3 

Weighted  average  temperature,  T0  = — gyy — = 49 

(5)  Determine  the  total  number  of  hours  in  the  month 
by  multiplying  the  number  of  days  in  the  month  by 
24  (Hm). 

■ (6)  Determine  the  average  ground  temperature  for  the 

- month  from  available  base  data,  as  in  Chapter  II, 

Heating  (Tg). 

(7)  Determine  the  rate  of  infiltration  through  doors 
opening  into  the  building  (CFj).  For  each  door 
which  opens  into  a space  conditioned  to  55°F  or 
above,  assume  2000  cubic  feet  of  infiltrated  air 
per  day  for  a door  which  has  infiltration  barriers 
in  place  when  the  door  is  open.  Assume  20,000 
cubic  feet  per  day  for  doors  with  no  infiltration 
barriers. 

(8)  The  rate  of  infiltration  through  doors  opening  to 
the  outside  (CF  ) is  200  cubic  feet  per  day  for  a 
door  with  infiltration  barriers  in  place  and  2000 
cubic  feet  for  a door  without  such  barriers. 

i 

I 

i 


ft 

; 

' *»  ' - - > '■"  •N  ^.4,..  • +4 

m-  t v » 

(9)  The  latent  heat  component  of  infiltration  load  (L) 
is  determined  from  the  following  table  depending 
on  the  set-point  temperature  for  the  cold  storage 
space.  Values  should  be  interpolated  for  set- 
point  temperatures  between  those  shown  in  the 
table. 

Set-Poi nt  L , 

Temperature,  °F  Btu/cubic  foot  of  air 

-10  ' 1.02 

0 1.00 

10  0.97 

20  0.92 

30  0.85 

40  0.76 

(10)  TSP-]  is  the  set-point  temperature  in  the  cold 
storage  space.  TSP2  is  the  set-point  temperature 
in  adjacent  interior  space(s).  DM  is  the  number 
of  days  i n a month . 

(11)  Determine  the  energy  efficiency  rating  (EER)  of 
the  refrigeration  equipment.  If  EER  is  unknown, 
a s s ume  a value  of  6.5. 

(12)  Determine  monthly  energy  use  of  the  cold  storage 
unit  as  foil ows : 


Monthly  SLw  + SLf  + SLj  + I L j + IL0 

Energy  = 

Use  = (EER) (1000) 


where , 


xLw 

= 

(H0) 

<To  - 

TSP1  + 

2) 

SLf 

= (Af) 

(uf) 

(Hm) 

<tg  - 

TSP -j  ) 

SLI 

= (Aj) 

(Uj) 

(H  ) 
v m 

(TSP2 

- TSP] 

) 

ILI 

= (CFj 

) (0. 

018) 

(tsp2 

- TSP  j ) 

+ L] 

(DM) 

ILo 

= <CFo 

) (0. 

018) 

<To  - 

TSP  1 ) + 

L] 

(DM) 

1 


For  an  example,  consider  a refrigerated  box  (set- 
point  temperature,  TSP],  equals  35°F)  w th  three 
walls  and  a roof  exposed  to  outside  air;  total 
area  of  these  surfaces  equals  1010  square  feet 


(A, 


Floor  area  on  concrete  slab  equals  420 


square  feet  (Af).  One  wall  is  adjacent  to  a 
building  which  is  conditioned  at  6 5 ° F (TSPo) 

The  area  of  this  wall  is  110  square  feet  (A,). 

The  U value  of  all  surfaces  is  assumed  to  be  0.03 
(Uw,  Ilf  and  Ul).  H0,  the  number  of  hours  for  a 
month  during  which  the  outside  temperature  exceeds 
35°F,  is  taken  from  the  example  under  (3)  above, 
i.e.,  614  hours.  T0  is  also  taken  from  the  example 
under  (4)  above,  an  average  temperature  of  49°F. 

[H0  and  Tq  would  be  different  for  each  month  and 
each  location,  based  on  the  data  from  Reference  3. 
This  example  is  for  the  month  of  November,  at  the 
location  (unspecified)  for  which  data  appears  in 
Table  6].  Hm  is  720  hours  for  November.  Assume 
an  average  ground  temperature  of  55°F  (TG).  The 
box  in  this  example  has  one  door  to  an  interior 
space  at  6 5 ° F set-point  and  one  door  to  the 
outside.  Both  have  infiltration  barriers  in  place 
when  the  doors  are  open  (CFj  and  CFo  are  2000  and 
200  cu  ft/day,  respectively).  DM  is  30  days  for 
the  month  of  November.  EER  is  6.5.  Therefore, 


SL. 


S L j 


SL- 


= (1010)  (0.03)  (614) 
= (420)  (0.03)  (720) 

= (110)  (0.03)  (720) 


ILt  = (2000)C  (0 .018)  (65 


(49  - 35  + 2 ) = 2. 98x1  0° 

(55  - 35)  = 1 .81xl05 

(65  -35  ) = 7 . 1 3 x 1 0 4 

- 35)  + 0 ,805](x30=8.07xl0/ 
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IL  = (200  ) [ (0 . 0 1 8 ) (49  - 35  ) + 0 . 80 5 ] ( 30  ) = 6 . 34 x 1 0 


Monthly 

Energy 

Use 


2 . 98x 1 05  + 1 . 81  xl 05  + 7. 


13xl04+8.07xl04+6.34xl04 


(6.5)  (1000) 


6.94  x 10~ 
6.5  x 103 


107  Kw-hr 


IX . ELECTRICAL  EQUIPMENT  AND  APPLIANCES 


The  electricity  use  calculations  in  this  chapter  are  for 
equipment  and  appliances  not  included  in  other  chapters  (II, 
III,  IV,  VI,  VII,  VIII, and  IX).  Examples  of  appliances  not 
included  in  this  chapter's  calculations  are: 

• Clothes  washers  and  dryers  (see  Laundry) 

• Electric  lights  (see  Lighting) 

• Ranges  and  ovens  (see  Cooking) 

• Water  heaters  (see  Hot  Water  Heating) 

Daily  and  monthly  energy  use  calculation  procedures  are 
presented  here.  Annual  and  semi-annual  energy  use  can  be  de- 
termined simply  by  multiplying  daily  usage  by  the  appropriate 
number  of  days.  Single-family  and  town  house  residences  have 
been  treated  alike  for  these  energy  use  calculations  and  are 
identified  as  family  housing. 

A . Family  Housing 

The  electricity  usage  for  basic  appliances  in  family 
housing  units  is  8.2  Kw-hr  per  day  per  dwelling.  This  basic 
load  includes  a refrigerator-freezer  and  numerous  small 
appliances.  For  housing  units  with  additional  major  electric 
appliances,  add  to  this  basic  load  the  following  values  for 


each  appliance. 

Color  TV 

1 .4 

Kw-hr/day 

Black  and  White  TV 

0.8 

Kw-hr/day 

Di shwasher 

1 .0 

Kw-hr/day 

Food  Freezer 

4.1 

Kw-hr/day 

Humidifier 

0.4 

Kw-hr/day 

Dehumi di f i er 

1 .0 

Kw-hr/day 

Furnace  Fan  (for  homes 

w/hot  air  distribution 

systems  only) 

1 .1 

Kw-hr/day 

Monthly  electricity  usage  can  be  calculated  by  multiplying 
the  total  daily  usage  by  the  number  of  days  in  a month. 

B.  Barrack,  Commissary,  and 
Administrative/Office  Building 

The  daily  electrical  energy  use  due  to  equipment  and  ap- 
pliances in  these  buildings  is  as  shown  in  the  following  table. 
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Building 

Electric 

Energy 

Type 

Usage  _ 

Units 

Barrack  (100%  occupancy) 

0.30 

Kw-hr/day/residert 

Commi ssary 

0.06 

Kw-hr/day/square  foot 
of  f 1 oor  area 

Administration/Office 

Building 

2.45 

Kw- hr/day/employee 

For  the  barrack,  the  electric  energy  use  per  resident  changes 
with  occupancy  level.  The  electric  energy  use  value  given  for 
the  barracks  must  be  multiplied  by  the  occupancy  correction 
factor  from  Table  2 for  the  appropriate  fractional  occupancy 
level.  Therefore,  electrical  appliance  and  equipment  energy 
use  per  day  for  a barrack  is  equal  to: 

= ( 0 . 3 0 ) ( 0 C F ) (Number  of  residents). 

Monthly  electricity  usage  can  be  determined  by  multiply- 
ing these  daily  values  by  the  number  of  days  in  a month. 
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X.  ADDITIONAL  ENERGY  USERS 


All  energy  using  equipment  and  appliances  which  have 
not  been  considered  in  any  of  the  preceding  chapters  must  be 
accounted  for.  The  energy  consumption  of  such  equipment  can 
be  estimated  by  determining  the  fuel  consumption  rate  (or 
power  rating  in  kilowatts  for  electric  equipment)  for  each 
piece  of  equipment  and  multiplying  this  value  by  the  estimate 
of  the  number  of  hours  of  operation  of  that  equipment.  That 
i s : 


Fuel  Consumption  Rate, 
gal/hr,  cu  ft/hr, 
kilowatts,  etc. 


Hours  of 
Operation 


Fuel  Consumed, 
gal , cu  f t , 
Kw-hr,  etc. 


Note  that  all  equipment  does  not  always  operate  at  the 
name  plate  rating.  Therefore,  base  utilities  and  engineering 
personnel  should  be  consulted  to  determine  accurate  estimates 
of  the  fuel  consumption  rate  of  equipment  if  it  is  anticipated 
to  be  a large  energy  consumer. 

One  example  of  previously  unaccounted  for  energy  users  is 
emergency  power  generators.  Another  is  outdoor  gas  lights. 
Typical  gas  light  consumption  is  two  cubic  feet  per  hour  or 
about  2000  Btu  per  hour  of  continuous  operation. 

Estimates  for  other  energy  users  can  best  be  made  by 
base  personnel . 


XI.  PIPELINE  DISTRIBUTION  LOSSES 


This  chapter  is  used  to  determine  the  efficiency  of  dis- 
tributing energy  in  the  form  of  steam,  hot  water  or  chilled 
water  in  underground  pipelines.  Such  distribution  efficiency 
is  associated  with  central  generating  plants  which  produce 
steam  or  hot  or  chilled  water  fur  utilization  in  other 
buildings  for  purposes  such  as  space  heating  and  cooling 
and  hot  water  heating.  This  chapter  is  not  concerned  with 
distribution  within  a building. 

All  pipelines  are  assumed  to  be  buried  over  most  of  their 
length  at  some  depth  below  the  frost  line. 


A . Hot  Water  Pi  pel i nes 

Heat  losses  due  to  distribution  of  hot  water  in  under- 
ground pipelines  are  defined  in  Table  7 for  various  levels  of 
insulation  and  numerous  pipe  sizes.  The  pipe  size  referred 
to  in  Table  7 is  the  nominal  size  of  the  pipe  actually  carrying 
hot  water.  (It  is  not  the  measure  of  the  outside  diameter  of 
the  exterior  casing,  or  conduit).  The  configuration  of  the  pipe, 
air  gap,  and  insulation  referred  to  in  the  table  is  as  follows: 
the  wa t er- c ar ry i ng  pipe  is  surrounded  by  insulation,  which  is 
surrounded  by  an  air  space  inside  another  pipe  or  casing.  The 
daily  heat  loss  rate  in  any  section  of  pipeline  can  be  determined 
by  selecting  the  daily  heat  loss  value  (in  Btu/day-foot-°F), 
from  the  table  for  the  appropriate  pipe  size  and  insulation 
level  and  multiplying  by  the  length  of  the  distribution  line 
(in  feet)  and  the  average  AT  (the  difference  between  the  temper- 
ature of  the  hot  water  and  the  average  temperature  of  the 
ground  for  any  month).  The  total  heat  loss  for  the  distribution 
system  can  be  determined  by  summing  over  all  sections  of  pipe 
the  product  of  the  length  of  the  section,  the  proper  daily 
heat  loss  value  from  Table  7,  and  the  number  of  days  each 
month  that  hot  water  is  transferred  through  that  section  of 
line. 

Then  the  total  heat  loss  for  the  system  is, 

HLm  = (THW-V  x ? (DHLV.)(L.)(DM.) 

where  , 

i designates  each  unique  pipe  section 


67 


*»  %. 


«■»  . '•  «*•  * - * 


rfv .CEDING  PATi  BLANK-.. OT  FlttlS 


DAILY  HEAT  LOSSES  FOR  UNDERGROUND  HOT -WATER  PIPE  AND  PIPE  CONDI  TS  PER  DEGREE 


Table  C.  TABLES  FOR  BUILDING  ENERGY  SUMMATION 


May  1976. 


and,  DHLV.  = daily  heat  loss  values  from  Table  7, 

Btu/day-ft-°F 

L ^ = length  of  pipe  section,  ft 

DM.  = number  of  days  in  the  month  durinq  which 

hot  water  is  being  transferred  through  the 
pipe  section,  days 

= temperature  of  the  hot  water,  ° F 

Tr  = average  temperature  of  the  ground  for  the 
month,  °F 

HLm  = total  heat  loss  from  the  distribution  syste 
for  the  month , Btu 

The  U values  for  the  example  insulation  levels  in  Table  7 are 
given  so  that  heat  losses  from  extraordinary  pipe/insulation 
configurations  can  be  interpreted  from  the  table  using 
Reference  1 to  determine  U values. 

Example:  A hot  water  distribution  system  serves  three  buildings 
with  2-in.  (nominal  size)  pipelines,  100,  200,  and  250 
feet/long.  The  three  2-in.  lines  are  all  branches  from 
a 200  foot  long,  4-in.  main.  All  lines  are  uninsulated 
pi pe-wi thin-a-pi pe  conduits  ( U = 1 . 0 ) . During  the  lonth 
of  May,  the  heating  systems  are  all  turned  off  early 
on  the  15th  of  the  month  ( D M = 1 4 ) . The  hot  water 
temperature  is  210°F  and  the  average  ground  tempera- 
ture is  55°F.  DHLV  for  the  2-in.  pipe  sections  is  15. 

DHLV  for  the  main  is  21.  Heat  loss  for  the  system 
for  the  month  of  May  is: 

HLm  = {21 0-55)1  (15)(100)(14)  + ( 1 5 ) ( 200 ) ( 1 4 ) + ( 1 5 ) ( 2 50 ) ( 1 4 ) 
+ (21 ) (200) (14)] 

= 27,000,000  Btu. 

The  hot  water  requirements  at  all  the  buildings  served  by 
the  distribution  system  can  now  be  summed.  These  are  based  on  hot 
water  requirements  (in  Btus)  for  all  buildings  on  the  distri- 
bution system.  The  distribution  efficiency  of  the  system  is: 
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D I ST  - HWm  = HLm  + HWD|n 
wher° , 

D I ST- H Wm  = efficiency  of  distribution  for  the  system 
for  the  month 

HLm  = total  heat  loss  from  the  distribution 

the  month,  Btu 

Td  HWDm  = the  sum  of  hot  water  requirements  "at  the 

building"  for  the  system  for  the  month,  Btu. 


Example:  For  the  pipeline  system  described  above,  the  hot 
water  requirements  for  the  three  buildings  during 
the  first  fourteen  days  of  May  are:  52x10^,  60x10“, 
and  74x1 0 ^ Btu.  Then  the  distribution  efficiency 
for  the  month  of  May  is: 

DIST-HW,,  = ( 52  + 60  + 74  ) x 1 06 

11  27.0x10b  + ( 5 2 + 60  + 74  ) x 1 0° 

= 0.87. 


B . Chilled  Water  Pipelines 


Heat  gains  in  chilled  water  distribution  systems 
determined  in  a manner  similar  to  the  procedure  used 
mining  losses  in  hot  water  systems.  Table  8 is  used 
mine  the  daily  heat  gain  value  for  pipeline  sections 


can  be 
in  deter 
to  deter 
in  the 


distribution  system.  The  total  heat 
the  entire  chilled  water  system  is 


gain  during  a month  for 


HGm  = (Tf 


" TCW> 


(DHGVi)(Li)(DHi). 
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where  , 


i designates  each  unique  pipe  section 

and, 

DHGVi  = daily  heat  qain  value  from  each  pipe  section 
from  Table  8,  Rtu/day-ft-°R 

L-j  = length  of  pipe  section,  ft 

D H -j  = number  of  days  of  the  month  during  which 

chilled  water  is  being  transferred  through  the 
pipe  section 

TCW  = temperature  of  the  chilled  water,  °F 

Tq  = temperature  of  the  ground,  °F 

HGm  = total  heat  gain  from  the  distribution  system 
for  the  month , Btu  . 

Then  the  efficiency  of  the  chilled  water  distribution  system  is: 


ScWDm 

DIST-CWm  =HGm  + £CWDm 
where , 


DIST-CWm  = efficiency  of  chilled  water  distribution 


total  heat  gain  for  the  month  in  the 
distribution  system,  Btu 

the  sum  of  chilled  water  demands  (at  the 
building)  for  cooling  or  cold  storage,  for 
all  building  on  the  system,  Btu. 


Whenever  Tq  is  less  than  or  equal  to  Tew , the  heat  gain  or  loss 
for  the  month  is  considered  to  be  zero,  therefore,  the  distribu- 
tion efficiency  for  that  month  is  1.00. 


For  an  example  of  how  this  procedure  is  performed,  see  the 
examples  for  the  Hot  Water  Pipelines  section  above. 
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C . S te am  Pipeline s 


Heat  losses  due  to  distribution  of  steam  in  underground 
pipelines  are  defined  in  Table  9 for  high-and-low  pressure 
steam  pipes  and  for  a variety  of  pipe  sizes.  These  data  are 
representati ve  of  a steam  distribution  with  a variety  of  insula- 
tion levels  and  can  be  used  as  average  heat  loss  data  for  steam 
distribution. 
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Table  9.  HEAT  LOSSES  FOR  UNDERGROUND  STEAM  PIPES 
(LR  OF  STEAM/DAY-FTl 


Nominal 
Pipe  Size 
(in) 

High* 
Pressure 
Line  Losses 

L ow* 

Pressure 
Line  Losses 

2 

1.15 

0.79 

4 

1 .70 

1.15 

6 

2.14 

1 . 44 

8 

2.  59 

1 . 73 

10 

3.05 

2.04 

1 2 

3.48 

2.33 

1 4 

3.84 

2.59 

1 6 

4.30 

2.88 

24 

4.82 

3.24 

*High  pressure  values  used  for 
pressure  exceeds.  50  psi  (gauge! 
values  for  lines  50  psi  (gauge] 

pipelines  where 
1 . Low  pressure 
i or  less. 

Source:  R.  Gallina,  Steam  Division  of  Baltimore 

Gas  and  Electric  Company 
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The  total  heat  loss  for  the  distribution  system  for  the  month 
i s determi ned  by  : 

SLm  X ( DST V i )(L. ) (DM  - ) 
i 1 1 

where , 

i designates  specific  pipe  sections 


and. 


SLm  = monthly  heat  loss  in  steam  system,  in 
equivalent  lb  of  steam 

DSTVi  = daily  steam  loss  value  from  each  pipe  section 
from  Table  9,  lb  of  steam/day-ft 

Li  = length  of  the  pipe  section  in  feet 

D M -j  = number  of  days  of  the  month  that  steam  is 

distributed  through  this  section. 


The  efficiency  of  the  distribution  system  can  be  determined 
as  follows: 


DIST-S 


m - 


Xs 


Dm 


where , 

D I ST- Sm  = 


£sP,n 

SLm  + XSDm 


efficiency  of  the  steam  distribution  system 
for  the  month. 

sum  of  all  steam  requirements  for  the  month 
at  all  buildings  on  the  system,  lb  of 
steam 


SLr 


total  system  losses  for  the  month,  lb  of 
steam 


For  an  example  of  how  this  procedure  is  performed,  see  the 
examples  for  the  Hot  Water  Pipelines  section  above. 
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XII.  SUMMATION  OF  ENERGY  USES 


There  are  two  summation  procedures  outlined  in  this 
chapter.  They  are:  (1)  the  determination  of  all  energy 
uses  in  one  bu i 1 d i ng, and  (2)  the  summation  of  all  energy 
uses  for  an  installation  or  group  of  buildings.  In  addi- 
tion, some  guidelines  for  the  estimation  of  energy  use  in 
buildings  other  than  the  five  types  of  buildings  specifically 
referred  to  in  the  preceding  chapters  of  this  supplement  are 
given. 


A . Energy  Consumption  of  a Building 


Summation  of  energy  consumptions  for  a building  can  be 
performed  for  any  time  period  desired,  i.e.,  daily,  monthly, 
annually,  etc.  Care  must  be  taken  to  insure  that  all  energy 
consumption  values  added  together  are  representative  of  the 
same  time  period.  Notice  that  in  Chapters  II  and  III  heating 
and  cooling  energy  use  is  determined  on  a monthly  basis, 
while  in  Chapters  IV  through  IX,  the  energy  consumption  due 
to  the  various  activities  is  determined  on  a daily  basis 
except  in  Chapter  VIII  (Cold  Storage)  and  in  Chapter  VII, 
Section  C (Laundries)  where  energy  use  is  determined  on  a 
monthly  basis. 

When  all  energy  use  is  desired  on  a daily  basis, 
monthly  consumptions  should  be  divided  by  the  number  of  days 
in  the  appropriate  month.  When  energy  use  calculations  are 
desired  for  a month  or  series  of  months,  daily  consumptions 
should  be  multiplied  by  the  number  of  days  in  the  month  or 
series  of  months.  When  annual  values  are  desired,  multiply 
daily  values  by  365  (or  366  for  a leap  year). 


Energy  consumption  summation  for  any  building  is  done 
by  disaggregating  energy  uses  according  to  the  fuel  (or 
energy)  source  that  crosses  the  building  boundary  and  total- 
ing for  each  source.  That  is,  electricity,  coal,  oil,  gas, 
steam,  hot  water,  and  chilled  water  consumptions  are  computed 
by  defining  the  fuel  source  for  each  energy  use  activity  in  the 
building. 


* 

i 

i 


- - r 


jUrStf*  *-  *-• 


Electric  heating  and  cooling  consumptions  must  be  converted  to 
kilowatt-hours  before  being  added  to  other  electricity  uses 
(1  Kw-hr  = 3413  Btu).  Electricity,  coal,  oil,  and  gas  usage 
can  now  be  accumulated  for  the  entire  building  and  total  on- 
site consumption  of  these  fuels  is  obtained.  Steam,  hot  water, 
or  chilled  water  must  be  traced  to  their  sources  of  genera- 
tion. The  generation  plant's  efficiency  and  fuel  type  must 
be  identified.  Distribution  efficiency  can  be  determined 
according  to  Chapter  XI.  Then  the  steam,  hot  water,  or 
chilled  water  generation  plant's  fuel  consumption  attribu- 
table to  the  building  of  study  can  be  determined  according 
to  the  following  equation: 

Fuel  _ Energy  Consumption  in  Building 

Consumption  Distribution  Generation 

Efficiency  ' Efficiency 

Fuel  usage  at  steam,  hot  water,  or  chilled  water  generation 
plants  (on-base  energy  use)  can  now  be  added  to  the  in-structure 
energy  use  of  the  appropriate  fuel  type.  The  result  for  a build- 
ing is  a series  of  five  numbers  which  represent  energy  use  in  the 
building  of  five  fuel  source  types  (electricity,  coal,  oil,  gas, 
and  other).  Any  number  of  these  fuel  type  totals  may  be  zero. 
When  actual  heating  values  of  the  fuels  consumed  are  not  known, 
coal,  oil,  and  gas  consumption  can  be  converted  into  physical 
measures  with  the  following  conversion  factors: 


1 gallon  #6  fuel  oil 
1 gal  Ion  #2  fuel  oi 1 
1 standard  ton  of  coal 
1 cubic  foot  of  gas 

Tables  A,  B,  C,  and  D can 
i ng  ‘ s energy  use . 


= 148,000  Btu 
= 142,000  Btu 
= 25,000,000  Btu 
= 1 ,000  Btu 

be  used  for  summation  of  a build 


B . E n ergy  Consumption  of  an  Installation 


i 


The  total  energy  use  by  all  buildings  on  an  installa- 
tion within  the  five  categories  considered  throughout  this 
manual  (single-family  detached  housing,  townhouse  residences, 
barracks,  a dmi n i s t ra t i on/ of f i ce  buildings,  and  commissaries) 
can  be  determined  with  the  EUI  Method.  However,  adding  up  the 
electricity,  coal,  oil,  gas,  and  other  fuels  used  in  all  build- 
ings of  these  types  for  an  installation  does  not  produce  total 
installation  energy  use.  Buildings  of  other  types  must  also 
be  considered.  The  energy  use  in  such  buildings  can  be  esti- 
mated by  using  the  method  presented  in  this  manual  by  assigning 
each  of  these  buildings  to  a category  nearest  to  its  use  and 
occupancy  type.  Some  examples  are:  a classroom  building  might 

be  considered  as  an  administration/office  building  because  its 
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occupancy  schedule  would  be  similar;  a warehouse  might  be 
considered  an  administration/office  building  with  a low  set- 
point  temperature  and  reduced  occupancy.  Also,  a dining  hall 
could  be  categorized  as  a barrack  with  mess  hall,  at  least  for 
cooking  energy  use.  Other  buildings  must  be  categorized  accord- 
ing to  the  judgment  of  on-base  personnel,  utilizing  their  know- 
ledge of  base  operations  to  approximate  total  energy  consumption 
by  an  installation. 

To  summarize  building  energy  consumption  for  an  entire  in- 
stallation, the  following  procedure  may  be  used.  Assign  build- 
ings to  categories  of  similar  type  and  occupancy  as  shown  in 
Table  D.  Perform  the  EUI  calculation  for  one  building  of  each 
category  and  multiply  the  results  by  number  nf  buildings  in 
that  category.  When  similar  buildings  of  different  size  are  in 
one  category,  normalize  the  predicted  energy  consumption  to  units 
per  square  foot  and  multiply  by  the  total  area  of  that  category. 
Table  D can  be  used  for  monthly  or  annual  accounting  of  energy 
predi cti on . 


(10)  FH; 


(26)  QH.  . ,(6+13-18+23-25) 


Table  D1 . RECOMMENDED  TABLE  FOR  INSTALLATION  ENERGY  SUMMATION 


Table  D2.  SAMPLE  RECOMMENDED  TABLE  FOR  INSTALLATION  ENERGY  SUMMATION 


XIII.  BASIC  PROCEDURES  USED  IN  COMPUTATION  OF 
ENERGY  USAGE 


A . Heating 


Building  structural  data  and  monthly  heating  degree  days 
are  used  to  calculate  the  monthly  heating  energy  use.  The  cal- 
culations are  based  on  heat  loss  or  gain  due  to  the  following 
i terns  : 


• Exterior  envelope 

• Inf i It  rat  ion /ventilation 

t Solar  radi ati on 

• Floors  and  underground  walls 

• Internal  heat  generation 

• Interior  walls 

The  total  heating  energy  usage  is  the  sum  of  the  above  loads 
divided  by  the  heating  system  efficiency. 


B . Cool i n g 


Building  structural  data,  monthly  cooling  degree  days  and 
monthly  discomfort  index  cooling  degree  days  a re  used  to  calcul- 
ate the  cooling  energy  use.  The  discomfort  index  cooling  degree 
day  is  used  in  calculating  the  infiltration  cooling  load  compon- 
ent and  the  cooling  degree  day  is  used  to  calculate  the  following 
load  components: 

• Exterior  envelope 

t Solar  radiation 

• Floors  and  underground  walls 

• Internal  heat  generation 

• Interior  walls 

The  total  cooling  energy  use  is  the  sum  of  the  component  cooling 
loads,  divided  by  the  overall  C.O.P.  of  the  building  cooling  sys- 
tem . 
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C .  Lighting 


The  electricity  consumption  due  to  lighting  is  dependent 
upon  the  building  occupancy  and  floor  area.  The  lighting  energy 
consumption  is  determined  by  multiplying  the  usage  rate  by  the 
proper  occupancy  correction  factor  and  floor  area  for  each  build- 
i ng . 


D .  Cooking 


Cooking  energy  consumption  in  the  family  housing  unit  is 
determined  based  on  a family  of  four  in  each  unit  and  the  type 
of  range  (electric  or  gas)  used.  In  the  barracks,  cooking  energy 
consumption  is  determined  from  the  number  of  meals  served  per 
day  or  from  the  total  number  of  residents  in  the  barracks. 


E .  Hot  Water  Heating 


The  energy  consumption  due  to  residential  water  heating  is 
primarily  a function  of  the  type  of  fuel  used  in  the  water  heater. 
For  other  building  types,  the  consumption  is  a function  of  the 
building  occupancy.  For  these  buildings,  the  hot  water  heating 
energy  consumption  is  determined  by  multiplying  the  number  of 
occupants  by  the  appropriate  value  given  in  the  text. 


F .  Laundry 


Laundry  energy  consumption  in  the  housing  units  is  deter- 
mined by  multiplying  the  building  occupancy  by  the  Btu  usage  rate 
per  occupant.  For  base  lanudries,  energy  consumption  is  deter- 
mined by  multiplying  the  number  of  articles  processed  each  month 
by  the  Btu  usage  per  article. 


G .  Cold  Storage 


Cold  storage  energy  consumption  is  calculated  from  the 
capacity  of  the  ref ri gerati on  system  and  the  load  ratio  for  the 
month . 
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Electrical  Equipment  and  Appliances 


Equipment  and  appliance  electrical  energy  use  for  family 
housing  units  is  determined  by  summing  the  energy  usage  rates  of 
the  major  electric  appliances  given  in  the  text.  Equipment  and 
appliance  usage  in  other  buildings  is  determined  on  either  a per 
residert  or  floor  area  basis. 


I . Pipeline  Losses 


Pipeline  losses  are  determined  by  using  the  average  monthly 
ground  temperature,  the  temperature  of  the  hot  or  chilled  water, 
the  length  of  the  pipe,  and  the  nominal  pipe  size. 
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Figure  ]-C.  Building  Envelope  Heating  Load  As  a Function 
of  Heating  Degree  Days  Per  Month 
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Figure  2-C.  Building  Envelope  Heating  Load  Correlation 
With  Building  Equivalent  U Value 
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3 - A . Building  Envelope  Heating  Load 
orrelation  With  Set-Point  Temperature 
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Figure  3-C.  Building  Envelope  Heating  Load 
Correlation  With  Set-Point  Temperature 
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Figure  6-A,B.  Seasonal  Solar  Radiation  Correlation 
Coefficient  As  a Function  of  Latitude 
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Figure  6-C.  Seasonal  Solar  Radiation  Correlation 
Coefficient  As  a Function  of  Latitude 
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Figure  7-D.  Correlation  Factor  for  Heating  Load  Due  to 
Underground  Floors  and  Walls  As  a Function  of  Heating  Degree  Days 
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Figure  7-E.  Correlation  Factor  for  Heating  Load  Due  to 
Underground  Floods  and  Walls  As  a Function  of  Heating  Degree  Days 
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Figure  8-C.  Internal  Heating  Load  Correlation  Factor 
During  Heating  Season  As  a Function  of  Heating  Degree  Days 
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Figure  9-0.  Building  Envelope  Cooling  Load  As 
Function  of  Cooling  Degree  Days  Per  Month 
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Figure  9-E.  Building  Envelope  Cooling  Load  As 
Function  of  Cooling  Degree  Days  Per  Month 
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Figure  10-C.  Building  Envelope  Cooling  Load 
Correlation  With  Building  Equivalent  U Value 
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Figure  10-0.  Build  i.ng  Envelope  Cooling  Load 
Correlation  Witn  Building  Equivalent  U Value 
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Figure  10-E.  Building  Envelope  Cooling  Load 
Correlation  With  Building  Equivalent 
U Value 
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Figure  14-A,B..  Seasonal  Solar  Radiation  Correlation 
Coefficients  As  a Function  of  Latitude 
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Figure  1 4 - D . Seasonal  Solar  Radiation  Correlation 
Coefficients  As  a Function  of  Latitude 


COOLING 

COMMISSARY 


Figure  14-E.  Seasonal  Sola-  Radiation  Correlation 
Coefficients  As  a Function  of  Latitude 
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Figure  15-D.  Correlation  Factor  for  Cooling  Load  Due  to  Underground 
Floors  and  Walls  As  a Function  of  Heating  Degree  Days 
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Figure  15-E.  Correlation  Factor  for  Cooling  Load  Due  to  Underground 
Floors  and  Walls  As  a Function  of  Heating  Degree  Days 


COOLING 

BARRACKS 


o 

o 


o 

o 

lO 


o 

o 


*/) 

>>. 

t; 

Q 

<U 

Ci 

i_ 

CD 

o 

o 


o 

o 

oo 


O 

o 

CNJ 


O 

o 

o 

-C 


o 

2: 


o 

O 


bs/njg  ‘jojoej 

uO[^P[9jjo^  uoL}pjaua9  lean  |.euja}ui  - °3f) 


147 


»»•»  v*  -«N  ici**-  # * ‘ ■ 


Figure  16-C.  Internal  Cooling  Load  Correlation  Factor 
During  Cooling  Season  As  a Function  of  Cooling  Degree  Days 
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Load  factor  As  a function  of  Load  Ratio 


Figure  18.  Chiller  Load  Factor  As  a Function  of  Load  Ratio 


Fiqure  19.  Ground  Temperature  as  a Function  of  Average 
Monthly  Temperature 


APPENDIX  A:  Example  Calculation 


The  following  example  provides  step  by  step  instructions 
for  predicting  the  energy  use  of  a building.  Figure  A1  shows 
a line  drawing  of  the  single-family  unit  chosen  for  this  example. 
Tables  A1 , A2,  and  A3  provide  tabularized  forms  for  calculation 
of  predicted  energy  use.  Blank  tables  are  provided  for  the  user. 
These  tables  are  designed  so  all  known  value  can  be  placed  on 
the  table  before  calculations  are  be.un. 


BEDROOM  3 

I 

1 

DINING 

! |c/s  | 


BEDROOM  I I 


I STUDY  1 LAV  [--] 
|c/s  •'  ! Ic/sl 


KITCHEN 


./I  T UTILITY  i 


Figure  A 1 . Suiding  Sketch  for  Example  Calculation 
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COOLING  ENERGY  SUMMATION 


(14)  QC.  ,(10x12x13) 


Table  A2  (Cont 


(1000) (ETR)  (E  . . 


Example  Calcu 1 a t i on 


(1)  Determine  the  floor  area  of  the  building  being  analyzed 
(see  Figure  A 1 ) or  obtain  from  real  property  records. 

Floor  Arei:  43  ft  4 in.  x 60  ft  9 in.  = 2632.5 

Less : 

a)  34  ft  4 in.  x 10  ft  4 in.  =354.8 

b)  9 ft  11  in.  x 13  ft  1 1/2  in.  = 130.2 

c)  18  ft  8 1/2  in.  x 5 ft  4 1/2  in.  = 100.6 

d)  5 ft  6 in.  x 25  ft  7 in.  = 140,7 

726.3 

NET  FLOOR  AREA  = 1906.2  sq  ft 

(2)  Determine  the  Building  Envelope  Area  (Atotdi)  and  volume 


a ) 

Wall 

Area 

= perimeter  x 

height 

= 219  ft  2 in. 

. x 8 ft  0 

in.  = 1753.3 

b) 

Roof 

Area 

= Floor  Area 

= -1906.2 

^tota 1 

3659.5  sq  ft 

c ) 

Volume  = 

1 906 .2  sq  ft  x 

8 ft  = 15, 

,250  cu  ft 

(3)  Determine  the  building  envelope  equivalent  U value. 


Exterior  Surface 

Area  (sq  ft) 

U Value 

Area  x U Value 

Roof  (Figure  A2) 

1906.2 

0.08 

152.5 

Wall  (Figure  A3 ) 

1446.4 

0.20 

289.3 

Wi ndows 

246.7 

1.13 

278.8 

Doors 

60.0 

0.33 

19.8 

3659.5 

740.4 

m - 740.4  . 

Eq  U 3695.5 

0.202 

1.  '/^‘gypsum  board 

2.  2"x  4“  STUD,  l6"o.c. 

3.  3/4‘  WOOD  SHINGLE 

4.  *15  FELT 

5.  4 " FACE  BRICK 

Figure  A2.  Exterior  Wall  Construction 


1.  '/2"  GYPSUM  BOARD 

2.  2"*  6"  JOIST  AT  !6"o/c  FILLED 

WITH  BATT.  INSULATION 

3.  2" x 6"  RAFTERS  AT  16"  o/C. 

4.  3/4  SHEATHING 

5.  COMPOSITE  ROOFING 


Figure  A3.  Ceiling-Roof  Construction 
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Heating 


(4)  Obtain  the  monthly  heating  degree  days  (HDD)  for  the  location 
and  enter  in  row  1 of  Table  A1 . 

(5)  Using  the  HDDs,  determine  QHi  from  Figure  A1  and  enter  in 
row  2 of  Table  Al. 

(6)  Determine  C H i from  Figure  A2  for  the  U factor  previously  cal- 
culated. 

U = 2.202,  CH,  = 0.765 

(7)  CON  x x CHi,  is  constant;  enter  in  row  3 of 

Table  Al : (2.246  x 10'4)  (3659.5  (0.765)  = 0.63 

(8)  Find  FHi  for  each  month's  HDD  from  Figure  A3  and  enter  in 
row  4 . 

(9)  Determine  total  set  point  correction  for  each  month  and 

enter  in  row  5:  1 + FH  t ( 70-72  ) = 1 - 2 (.09  ) = 0.82  (Sept). 

(10)  Determine  QHenv  by  multiplying  the  numbered  values  on 
Table  Al  as  shown  below  and  enter  result  in  row  6. 

QHen v (1)  (z)  <3>  (5) 

= ( 1 32)  (40  x 1 03)  ( .629)  (0.82) 

= 2.72  x 106  Btus  (Sept) 

(11)  Determine  the  infiltration  coefficient  A for  s i ng 1 e - f am i 1 y 
res i dence : 

A = 0.25  (Nq)  (S^  + 7.7  x 10'3  (Aw)  ( S2 ) 

A = 0.25  (3)  (1.0)  + 7.7  x 10‘3  (247)  (1.0) 

= 2.65 


(12)  Enter  average  wind  velocity  (V)  in  row  7. 


(13)  Determine  the  infiltration  rate,  I,  and  enter  in  row  8. 

Note  that  I will  change  when  the  average  wind  velocity,  V , changes. 


I 


[0.25  + (0.037)  (A)  (V)] 


I = [.  25  + (0.037  ) (2.65)  (1  0)]  = 312.7 

(14)  Find  QH2  for  each  month's  HDDs  from  Figure  A4  and  enter 
in  row  9. 
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(15)  Find  FH  2 for  each  month's  HDDs  from  Figure  A5  and  enter 
i n row  1 0 . 


(16)  Calculate  set-point  correction  factor  for  each  month  and 

enter  in  row  11.  1 + FH2  (70-72)  = 1 + .085  (-2)  = 0.830. 

(17)  Determine  the  outside  air  intake  rate,  V , and  add  to  I. 
(In  this  example  Vr  = 0.)  Enter  in  row  12. 

(18)  Determine  QH^n^  by  multiplying  the  values  on  Table  A1 
as  shown  below  and  enter  result  in  row  13. 

QHinf  = (9)  (11)  (12)  - (6.9  x 103)  (0.83)  (313) 

= 1.79  x 1 06  Btus  (Sept)  . 

(19)  Find  CR2,i,  from  Figure  A6  for  the  location  and  month  and 
enter  in  row  14. 

(20)  Find  the  average  daily  solar  radiation  for  the  location 
nearest  the  building  from  Table  1 and  enter  in  row  15. 

(21)  Enter  number  of  days  in  each  month  in  row  16.  For  each 
month,  multiply  the  area  of  windows  by  the  constant  (3.687;  and 
enter  in  row  1 7 . 

(22)  Determine  QH  . for  each  month  by  multiplying  the  values 
in  Table  A1  as  sholvflabelow  and  enter  result  in  row  18. 

QHrad  = (14>  (15)  (16)  (17) 

QHrad  = (-092)  (412)  (30)  (910)  = 1.035 
x 106  Btus  (Sept)  . 

(23)  Calculate  [ ( A ^ ) (Uf)  + ( A w ) ( U w ) ] and  enter  in  row  19. 

[(1906.2)  (0.1)  + (0.0) (0.0)]  = 190.6 

(24)  Determine  C H , from  Figure  A7  using  monthly  HDD,  and 
enter  in  row  20. 

(25)  Find  average  monthly  ground  temperatures  (Table  A2  and 
Figure  19)  and  enter  in  row  21. 

(26)  Compute  (T-Tg)  and  enter  in  row  22. 

(27)  Determine  QH  . , for  each  month  by  multiplying  the 
values  in  Table  Alri§  shown  below  and  enter  in  row  23. 

QHfloor  = 0 9)  (20)  (22  ) = ( 1 90 . 62  ) ( . 32  x 1 03  ) ( 1 2 ) 

= 0.732  x 106  Btus  (Sept). 


f. 

t 


(28)  Determine  QHj  from  Figure  8 using  monthly  HDDs,  and 
enter  in  row  25. 

QHj  = 1 . 560  x 1 06  Btus  (Sept)  . 

(29)  Determine  the  total  heating  load,  QM-rnTJ!’  bv'  adtlln9  and 
subtracting  the  monthly  values  in  Table  Al,asLshown  below: 


QHjotal  = (O  + 0 3)  - ( 18)  - (25  ) + (23) 

= (2.723  x 106)  + (1.791  x 106  - (1,034.8  x 106) 

- ( 1 . 560  x 106)  + ( . 732  x 1 06  ) 

= 2.651  x 106  Btus  (Sept). 

(30)  Determine  the  heating  energy  use,  QheaT>  by  dividing 
QjOtal  by  Ef  and  Edist-  Enter  in  row  27  or  Table  A1  and  column 
1 of  Table  A3. 

^H  EAT  “ = 3’928'3  X 106  BtUS  (SePt)' 

Cooling 

Obtain  the  monthly  cooling  degree  days  (ODD)  for  the  location 
and  enter  in  row  1 of  Table  A2. 

(2)  Using  the  CDDs,  determine  QCi  from  Figure  A9  and  row  2 of 
Table  A2  . 

(3)  Determine  FCi  from  Figure  11  and  enter  in  row  3. 

(4)  Determine  the  set  point  correlation  for  each  month  and  enter 
in  row  4.  1-FCi  ( 70-72)  = 1 - ( -2 ) (.183  ) = 1 . 366 

(5)  Find  C C i from  Figure  10A  for  the  U factor  previously  c a 1 - 
cul ated . 

A^otal  x CC  i x K 1 s constant  for  each  month.  Calculate  and 
enter  in  row  5 of  Table  A2. 

(6)  Determine  QCenv  by  multiplying  the  values  on  Table  B,  and 
enter  these  results  in  row  6. 

QHen v = ( 1 ) (2)  (4)  (5) 

= (126)  (16.9  x 103) (1 .366) (0.596) 

= 1.73  x 1 08  Btus  (June) 

(7)  Enter  average  wind  velocity  (V)  in  row  7. 

i 
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(8)  Determine  the  infiltration  ratios,  I,  and  enter  in  row  8. 
(Described  in  heating  section.) 

(9)  Determine  the  Discomfort  Index  COD  (DICDD)  from  Table  4 
and  enter  in  row  9. 

(10)  Find  QC2  from  Figure  12  using  monthly  DICDD,  and  enter 
i n row  1 0 . 

(11)  Determine  FC  2 from  Figure  13  using  DICDD,  and  enter  in 
row  1 1 . 

(12)  Compute  set-point  correlation  factor  for  each  month  and 
enter  in  row  1 2 . 

1 -FC2 (T-72)  = 1 - ( - 2 ) ( 0 . 5 ) = 1.10. 

(13)  Add  the  outside  air  intake  rate  to  I and  enter  in  row  13. 

(14)  Determine  QC.  f by  multiplying  the  values  in  Table  A2  as 
shown  below  and  ent^r  results  in  row  14. 

(15)  Find  CRi,3  from  Figure  14  for  the  location  and  enter  in 
row  1 5 . 

(16)  Find  the  av-erage  daily  solar  radiation  for  the  location 
nearest  the  building  for  Table  1,  and  enter  in  row  16. 

(17)  Enter  the  number  of  days  in  each  month  in  row  17. 

(18)  For  each  month  multiply  the  area  of  windows  by  the 
constant  3.687  and  enter  in  row  18. 

(19)  Determine  QC  . for  each  month  by  multiplying  the  value 
in  Table  A1  as  shown  below  and  enter  result  in  row  19. 

QCrad  = (1 5) ( 16) (17) ( 18) 

= (0. 1 5)  (525) (30)  (910)  = 2.1  5 x 106  3tus  (June) 

(20)  Determine  CC,  from  Figure  15  using  COD,  and  enter  these 
values  in  row  20. 

(21)  Find  Tg  for  the  location,  and  enter  in  row  21. 

(22)  Compute  (T-Tg)  and  enter  in  row  22. 

(23)  Calculate  [(Af)(U^)  + (Aw)(Uw)]’  and  enter  in  row  23. 

(24)  Determine  QCfi00r  for  each  month  by  multiplying  the  values 
in  Table  A2  as  shownbelow,  and  enter  in  row  24. 


i 
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QCfloor 


(20) (22  ) (23  ) - 

(499)  (8)  (190.6)  = 0.76  x 106  Btus  (June) 


(25)  Determine  QC , from  Figure  16  using  monthly  CDD,  and  enter 
i n row  26 . 

QC  j = 2.24  x 1 06  Btus  (June) 

(26)  Determine  the  total  cooling  load,  , by  adding  and 

subtracting  the  monthly  values  in  Table  A2,  as  shown  below. 


QCT0TAL  = (6)  + (14)  + (19)  ' (24)  + (26) 

= (1.73  x 1 06  ) + (2.414  x 1 06  ) + (2.1  5 x 1 06 ) 

- (.761  x 1 06 ) + (2.240  x 106)  = 7.77  x 106  Btus  (June) 


(27)  Determine  the  cooling  energy  use,  Qcoo]>  by  dividing  QCjqjAL 
by  ( 1 000),  EER,  and  E . . . as  shown  below. 


QC00L 


7.77  x 106 
TTOOO) (6.0) (0. 9) 


1 425.9  Kw -Hr  ( June  ) 


Lighting 

Determine  lighting  energy  using  the  factor  from  Section  IV 
of  this  manual  and  multiplying  times  number  of  days  in  the  month 
and  building  floor  area;  enter  the  results  in  Column  3 of 
Table  A3  . 

3.23  x ID'3  Kw-hr/sq  ft/day  x 31  days  x 1906  sq  ft 
= 192.  Kw -hr/month . 


Cooking 

Determine  cooking  energy  by  using  the  factor  from  Section  V 
of  this  manual  for  natural  gas  range  and  multiplying  by  number  of 
days  in  the  month.  Enter  in  Column  4 of  Table  A3  . 

2.9  x 104  Btu/day  x 31  = 0.9  x 10^  Btus/month. 

Hot  Water  Heating 

Determine  the  domestic  hot  water  heating  energy,  using  the 
factor  from  Section  VI  of  the  manual  for  a gas  water  heater  with 
pilot  and  multiplying  by  the  number  of  days  in  the  month.  Enter 
in  Column  5 of  Table  A3. 

75,000  Btus/day  x 31  days  = 2.32  x 10°  Btus/month 
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Laundry 

Determine  the  laundry  energy  use  from  Section  VII  and  enter 
in  Column  6 for  automatic  washing  machine  and  electric  dryer. 

0.3  Kw-hr/day  x 31  days  = 9.3  Kw-hr/month 

2.7  Kw-hr/day  x 31  days  = 83.7  Kw-hr/month 

93  Kw-hr/month 

App lianoes 

Determine  the  electrical  equipment  and  appliance  energy  use 
from  Section  IX  and- enter  in  Column  8. 

Basic  appliance  8.2  Kw-hr/day 

Col  or  TV  1.4 

Di shwasher  1 . 0 

Humidifier  1.0 

Furnace  fan  1 . 1 

12.7  Kw-hr/day  x 31  days 
= 393  Kw-hr/month 
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